The Laboratory of Quantitative Medicine
Technical Report #13
Thursday, April 5, 2009

LQM Technical Report #13 Computer Simulation Estimation of the Impact of Breast Cancer Screening April 5 2009

Computer Simulation Estimation of the Impact of
Various Breast Cancer Screening Intervals in
Women of Various Ages

James S Michaelson, PhD

From the Departments of Pathold@urgery, andMedicine’, Massachusetts General
Hospital the Cancer Centéiassachusetts General Hospaatl the Departmeiof
Pathology, Harvard Medical School, Boston, Massachusetts.

Correspondence talames S. Michaelson Ph.D., Division of Surgical Oncology, Cox
Building Room626, Massachusetts General Hospital, 100 Blossom Street, Boston,
Massachusetts, 02114, USA

TEL 6175010590 FAX 617 724 3895

Email: michaelj@helix.mgh.harvard.edu



ABSTRACT
Background: While randomized trials have shown that mammographic screening saves lives,
critical questions concerns the optimal age of screening initiation and screeméngali
Methods. A computer simulation model of breast cancer growth, spread, and detection, which
could calculate the reductions in deatid costresulting from various screening intervals and
ages of screening initiatioResults The simulation revdad that breast cancer survival of
90+% appears to be achievable if women are screened anntibyAmerican Cancer Society
recommendation of yearly screening from age 40 appears to be a highly effective strategy,
yielding a populatiorwide breast cancesurvival of 88%, which corresponds to a 66%
populationwide reduction in deatttompared to no screening Less intensive screening
strategies, such as screening every second or third year, not screening until age 50, or ending
screening at 70 should yieiarkedly worse outcomes, while the pattern of screening used in the
United Kingdom of every 36 months from age 50 to 70 is very ineffective, achieving only a 12%
reduction in death. There appears to be no upper age limit for screenisgallfadditiorl
reduction in the breast cancer death rate appears to be achievable by decreasing the screening
interval to every six months, and by decreasing the age of screening initiation to age 30, but there
appears to be little additional benefit from going beyadhid. Conclusions Prompt annual
mammographic screening from age 40 appears to be capable of leading to considerable
reductions in breast cancer lethality, with a small additional benefit to be derived from screening
as frequently as twice a year from &fk

Keywords: Breast Cancer, Survival, Screening, Mammography, Interval, Computer
Simulation



INTRODUCTION

In recent years, there has been much interest in finding ways to accurately quantify the
burden of disease and the impact of various treatmwienices on that burden, goals that have
been embraced, with various degrees of enthusiasm, by the comparative effectiveness
movement. Comparative effectiveness research has b
generation and synthesis ofi@gence that compares the benefits and harms of alternative methods
to prevent, diagnose, treat, and monitor a clinical condition or to improve the delivery of care.
The purpose of CER is to assist consumers, clinicians, purchasers, and policy makdas to ma
informed decisions that will improve health care at both the individual and population levels. The
key elements of this definition are the direct comparison of effective interventions, the study of
patients in typical dayo-day clinical care, and theima of tailoring decisions to the needs of
individual patients.As articulated by a recent Congressional Budget Office feportfi an anal ysi s
of comparative effectiveness is simply a rigorous evaluation evirtipact of different options

t hat are available for treating a given medical
application of which would bel] Athe ineorporat:i
support tool s oynClafyhaswritemilRe s eams cBamml comparati ve
is a means, not an end. The wultimate goal s ¢tir

That breast cancer screening saves lives has been suddéstitth some dissenting
voices'"*® by the results of randomized, controlled trials. The challenge is to learn how to use
screening so as to achieve its maximum beffit Screening is recommended every year in the
United States, every two years in much of Canada, AustnatlaEairope, every 18 months for
women age 4@9 and every 24 months for women age 50 and older in Sweden, and every 3 years
in the United Kingdon®® These diverse recommendations have arisen largely in isolation from
empirical guidance as to the effect dletscreening interval on mammography's capacity to
reduce breast cancer death. Even in the context where a single recommendation prevails, such as
the United States, there is a great variation in how screening is actualf7iised

While the ultimate criterion for judging the impact of a medical procedure such as
screening is the randoneid trial, the trial provides anunwieldy tool for examining all of the
permutations of age and screening intesyaissible. Indeed, it might be argued that only two
trials were carried out with the rigor and power to detect the difference in survival between a
screening and nescreening group, and these trials took more than a decade for their results to
become cleal®®® To calculate the relationship between the screening interval and the cancer
survival rate, we have developed a biologicéised computer simulation meddof cancer
growth, spread, and detectibi®?’ We have also collected d&tan the rate of breast cancer
growth?® the sizes at which breast cancers become detectable on mammographic and clinical
grounds® and the relationship between tumor size and sur¥iwahich can make the simulation
a realistic tool for determining the consequences of various usages of scféeilege we
describe the application offis simulation method to the analysis of the impact various breast
cancer screening intervals in women of various ages on the breast cancer survival rate.



METHODS
The simulation:

The simulation calculates the simultaneous change in tumor size,ityethatd
detectability that occurs over time for breast cancer, and then estimates that likely survival rate
for various women, particularly as regards age, under various usages of screening. The
simulation does not consider the detectiondo€tal carcioma in situ DCIS), now ~20% of
breast cancer cancéfsand thus probably provides a conservative estimate of the impact of
screening on the breast cancer death®fafBe simulation was ritten in Visual Basic 6, and can
be found at the end of this Tectali Report

The core of the simulation executes a recapitulation of thecddsty increase in tumor
cell number K, Equation #1) and the chance of the lethal spread of breast chnéayuation
#2). The value ofp, the probability, per cell, of an eveat spread of breast cancer from the
primary site in the breast to the periphery leading to déatlEquation #2, has bedaund®™ to
be 2well captured bthe expression:

(@) p = 0.00005017 N7
The value ofy in Equation #1 is related to the tumor doubling time by the expression:
(b) g= (2" (1 /doublingtime)) - 1

Unless otherwise stated, tl@ublingtime used is lhe empirically based value of 130
days, as outlined in referen28.

There is ample empirical support for the exponential growth of breast carcifitfiias
as captured by Equatigtl. There is also ample empirical support for the relationship between
tumor size and risk of death that is captured by Equatiorf8*#2Equatior#?2 is biologically
plausible, as it has been derived from a consideration of the most generally accepted mechanism
of breast cancer death, which is by the spread of cancef’@&uatior#2 has also been found
to accurately predict theelationship between tumor size and the risk of death in five separate
populations of breast carcinoma patients, as well as #pgpblations of patients whose tumors
were detected at screenifig.

At eachdalily iteration, the simulation determines whether the tumor would be detectable
on clinical grounds, if it has reached s&g while mammographic detection is set to occur at the
time of screening, if tumors have reached SieeValuesof N are converte into values of tumor
diameter,D, by assuming spherical geometry and cellular derssfty cellsmn?), such that
s=1Ccells/cc, based on data on the size of cancer.¢éflsvalues forSmandSpare expressed
in terms of distributions captured bypart step functions, each value of which is applicable to
20% of the population. F@p the values for five part step function arené, 14mm, 20mm,
26 mm, and 69 mm, based on the sizes of the cancers in the control (no screening) population in
the Swedsh Two-country trial of mammograpkf§°*° while the distribution of values ®pis
captured by the five pastep function with values of 3.5 mm, 5.5 mm, 7 mm, 9.2 mm, and 11.7
mm estimated from data on the sizes of the cancers seen at screening by the method in reference
30. The effect of age on this distributigs captured by multiplying each value withreodifier,
such that themodifier=2.16025- (Age * 0.01785) again based upon empirical measures
described in referenc@0. This impact on the change in cancetedtablity is believed to be due
to the ageassociated decrease that occurs in the radiographic density of thé‘breast.

The simulation uses aggecific data on cancer incidefitand life expectandy to
calculate the benefit and marginal benefit of suireg fromL in Equation #2. Values are derived
in terms of both fAyears of I|ife |l osto and fAcanc
the years of life a woman with metastatic disease looses to cancer plus the years of life she will
live with metastatic disease (on average, 5.74 years, for the women at this institution).
Populationwide benefits expected in a population with the age structure in the USA were
estimated using USA census dd&tt@SA reducti on in deatho), as Wwe
popul ation with a uni {fagestrocturegd dsjt u § tbeud i roend wdt iaogne si |



the latter allows a comparison of populations (such as US and UK) that have different age
structures.

The simulation derived costs estimates, in terms of dollars/cancer free year of live saved,
as determined by the direct cost of the mammogr
false positived’ Sickles and colleagu&4°found that screening mammagns can be carried out
for $50, while theyear 2007 Medicare reimbursement is $81.86, and insurance reimbursements
above and below this value are commdThe cost ascribable to false positives have been found
to be $25.32/mammograrh.

The simulation caulates the consequences of screening at 3651 intervals (1 day to 10
years, plus no screening) for women ages 20 to 85 yielding 241,296 age/interval permutations.
Permuting these into all possible lifeng screening strategies leads to an enormous nuofiber
possibilities, almost all of which are inefficient, i.e., for most permutations, there is another
permutation that can achieve a greater reduction in death with fewer mammograms. However, the
small number of efficient strategies can be identified asethin which all individuals (i.e. all
ages) receive the same marginal benefit, a technique known as the equimarginafitietfioe
simulation isolated 2200 such efficient strategies.



RESULTS
The core of the simulation captures the biology of breastecinoma growth and spread.

The core of the simulatiéff’ executes a recapitulation of the dayday increase ithe
two key biological features difreastcancertumor growthandlethal spreadFIGURE1).

Tumor growth there is ample eviden¥&® (summarized in referenc29) that over the
range of sizes where breast cancer is sdaitally, the growth 6 breast cancer is exponential.
For this reason, the simulation relies upba day-to-day increase in tumor cell numbe)(by
the expressiono
(@) Niodgay= Nyesterdayt (((2 ~ (1 /doublingtime)) - 1) * Nyesterda)

Lethal spreadlt is generally accepted that the principal mechanism of breast carcinoma
death is the lethal spread of carcinoma cells from thegpyisite to the periphery, leading to fatal
distant metastatic disease.eWave found that such lethality is well captured by considering each
primary tumor tdbe comprised ol cell, for which there is a probabilitp, that a cancer cell will
spread tahe periphery, leading to deatlit follows that the chance of one of more such events
leading to deatH,, will be:

(2) =[-e"

The value ofp, which we havalerived from very large datasets on pasenith breast
carcinomd&* , is well captured by the expression:
(3) p = 0.00005017 N7

We have called thigreatmentof cancer lethalitythe binary-biological model of cancer
metastasis A full description of this approach can be found in reference * and in Technical
report #1 athttp://cancer.lifemath.net/about/techreports/index.phipile the application of this
framework to the analis of breast carcinoma survival can be found in the other technical reports
and references available at this website. Empirically, we have found the equationbinéitize
biological model of cancer metastagis provide highly accurate prediction of b cancer
lethality (within 1%), and to equally wetlapture the featusef breast carcinomand melanoma
lethality in several very large datasets, containing information on hundreds of thousands of
patients

The lethality of breast cancer changes dmaatically over a short period of time

Thus, the simulation executes a recapitulation of thetalghay increase in the chance of
tumor size with Equation #1, and the dayday increase in the chance of death with Equation #2

The dayto-day increase inumor size and lethality captured in the simulation by
Equations#1 and #2 reveal assential and unobvious feature of breast cancer biology: the
chance of lethal metastatic disease does not increase gradually over time, but changes
dramatically over a retavely short period. Furthermore, this dramatic change in lethality occurs
when tumors reach sizes detectable by mammography. Thus, while 92%mftdmors are
curable by local excision, by 1% years later, when they have reacheh,18nly 75% are stil
curable, and in an additional 1% years, having reachadmd,7only 33% are curable. This
provides a likely explanation for why mammographic screening works: the rate of breast cancer
growth, the probability of breast cancer spread, and the mammogdgibittability of breast
cancers, all have such fortuitous values that mammography is capable of finding tumors just
before the point in time when there is an explosive increase in the fraction of cancers incurable by
local treatment.



http://cancer.lifemath.net/about/techreports/index.php

High levels of breas cancer survival should be achievable if women are screened frequently
enough

The simulation uses data on sizes at which breast cancer become detectable clinically and
by mammography to estimate the breacarcinoma death rate that can be expected when women
attend screening at various frequencies (FIGURE 2). These results revealecdsatcancer
survival of 90+% should be achievable, if women utilize screening at least once a year, and that
even hidper survival levels might be achieved by more frequent screening. In contrast, screening
every three years would appear to achieve a more mod@808&urvival, while screening every
five years yields ~75% survival rate. The results also suggest ttiatreductions should be
achievable for women of almost all ages examined, although the absolute amount of reduction in
death increases as women age (the simulation incorporates information on the change in
mammographic detectability as women Bgb.

The simulation results provide estimates of the benefit of screening

The simulation uses data on cancer incid&rmed life expectanchy agé® to calculate
the benefit, and marginal benefit, of screening (FIGLBREThese calculations revealed that that
the benefit of screening may become a substantial extensiié®, if allowed to accumulate over
a womanbés | ifeti me. For exampl e, a group of wom
who |ive until age 85 can expect to gain of 7. 32
l i feo (see allimthe acodmBparyitg papdra n

The simulation results provide estimates of the reductions in death that can be expected for
various lifelong screening strategies now in practice or under consideration

The simulation combines the information on the aetpof various screenings intervals
for women of various ages (FIGURE 2) to estimate the poputatide impact of a number of
lifelong screening strategies now in practice or under consideration (TABLES
FIGURES3-5). These simulation results relesh that the American CanceBociety
recommendationl of yearly screening from age 40 is a highly effective strategy, yielding a
populationwide 88% chance of breast cancer survival, which corresponds to roaighthyo
populationwide reduction in death, in comparison to women who do not use screening. The
simulation also found that the pattern of screening used in the United Kingdom (every 36 months
from age 50 to age 65) is probably capable of achieving only@adbibulatiorwide reduction in
death. Annual screening from age 50 to age 70 appears capable of achieving a 25% population
wide reduction in deatlt. Twice-yearly screening from age 3§hould appears capable of
achieving a very high survival level (91%agtte of breast cancer survival, which corresponds to
a 74% reduction in death), but there appears to be very little advantage of more intensive patterns
of screening (FIGURE 5).

The simulation identifies ifelong strategies that are efficient

Only a vey small number of the possible permutations of the screening interval for
women of various ages are efficient, that is, can achieve the maximal reduction in death for the
screening costs expended. However, it has long been known that for those fevestthtegre
efficient, all individuals will receive the same marginal benefit, a technique known as the
equimarginal methotf:>® 2200 such efficient stratigs, with marginal benefits ranging from 294
to 0.04 cancer free hours of life saved per mammogram were identified by the simulation
(TABLE I). The relationship between average number of mammograms used per year and the
populationwide reduction in deatlbxpected for these 2200 efficient strategies is shown in the
thick gray line in FIGURE 4. Screening strategies that lie close to this grey line are efficient,
while those strategies below this line are inefficient, that is, one could achieve greatdomsduc
in death with the same resources simply by using the efficient strategy with that cost. Note that
the ACS recommendation of annual screening from age 40 is an efficient use of screening




resources, as is twiggarly screening from age 30, while td& recommendation for screening
every three years from age 50 to 70, and annual screening from age 50 to age 70, are inefficient
uses of resources (FIGURE 4).

The simulation provides information for choosing among the efficientifelong strategies

Which of the 2200efficient lifelong screening strategies might be thest strategy?
While such a choice is ultimately an arbitrary societal decision based upon the degree of benefit
that women desire from screening, and the cost that they are willing tompts benefit, the
simulation provides quantitative information which can be used to guide such a choice.

The simulation revealed that the choice of the optimal screening interval is greatly
simplified by a very fortuitous feature of the marginaltaagve: there is a very dramatic change
in the slope of the curve right at around 6 months (FIGURE 6). Thus, almost all of the strategies
that involve screening up to once every six months give very good returns on the expenditures
involved, while almosall of the strategies that involve screening much more frequently than
once every six months are prohibitively expensive (FIGURE 6). To picture this in more practical
terms, the simulation results indicate that if a woman age 65 chose to attend saeenintp
months, she will be receiving a marginal benefit of 27 extra cancer free hours of life per
mammogram, and thus will be getting many more hours of life from screening than she is loosing
every time she goes for a mammogram. In economic termsyiheso be receiving a good
return on the $50 to $200 that her mammogram probably costs. If, on the other hand, she chose
screening every 3 months, she would be receiving a marginal benefit of only about 1 cancer free
hour of life, and will be spendingore timeat her last exam than she would be gaining in cancer
free hours of lifefrom the exam! Clearly, the best choice would appear to lie somewhere in
between. A reasonable compromise strategy would appear to be a marginal benefit of about 5
extra @ncer free hours of life. Such a strategy would yield an average benefit per woman of ~9
extra cancer free months of life and a populatidte 91% chance of surviving breast cancer
(TABLE ).

The 5hour marginal benefit strategy would involve scregrémery 29 months beginning
at age 20, then every 12 months at age 30, every 6 months at from ages 50 to age 60, every 6
months at age 70, and every 8 months at8@gelrABLE [). While the 5hour marginal benefit
strategy is ideal in many ways, it is, attedly, rather too complex for practical implementation.
Fortunately, however, the simulation shows us that there is a much less complex schedule that is
close enough to theltour marginal benefit strategy to deliver almost the same benefit at almost
the same cost: twiegearly screening from age 30 (TABLE Clearly, twiceyearly screening
from age 30 is simpler to remember, communicate, and put into effect than the-fimal 5
marginal benefit strategy, but achieves almost the same reduction 8t basaer death with
almost the same cost.

The simulation provides information on the costs of screening

The simulation revealed that under virtually all of cost assumptions ($50, $100, and $200
per mammogram, with and without the costs of false posifjvéhe cost of screening is
comparable to, or cheaper than, many other medical interventions (TABLE Il). At a $100 per
mammaogram, and including the costs of false positives, yearly screening from agbvétsd
each cancer free year of life at a cost of less than $15,000, whiley®éadg screening from age
30 delivers each cancer free year of life for ~$45,000. In contrast, heart transplantation costs
~$100,000/year of life saved while dialysis hasrbestimated to cost ~$20,0$06,000/year of
life saved.

The reduction in breast cancer death also brings savings, both in the avoidance of the
medical costs associated with metastatic disease, as well as prevention of lost economic
productivity due to pemature death. Max has estimated the medical cost of metastatic disease to
be $52,288/woman, while lost productivity cost associated with premature death is




$272,000/woman (personal communicatith)Using these values, the simulation revealed that

for programs that carry out mammograms for $100 each, the saved medical and productivity costs
will pay for 75% of the cost of annual screening from age 40. Where mammograms can be
carried of for $50, the savings in medical costs and lost productivity achigwethbal screening

from age 40 actually saves money, returning an average reward to society of $43/woman
(TABLE Ill). The savings associated with metastatic disease alone pays for about 40% of the
cost of annual screening from age 40. In fact, at $50nmenmogram, the medical and
productivity savings achieved by screening will pay for screening as frequently as twice a year
from age 30 (TABLAII).

Sensitivity analysis.

We examined whether small changes in the underlying assumptions would greatly
charge the final outcomes predicted by the simulation, but found the results to be only
moderately affected by the precise values used for growth rate, tumor detectability, and cost
(FIGURE 6, TABLES Il and lll). For example, there was relatively little inhmacthe marginal
cost curve whether the doubling time chosen for the simulation was 130 days, chosen from actual
measurements of the breast cancer growth rate by our group ang*offiershalf (65 days) or
double (260 days) the 130 day value (FIGURE 6), (and none of the experimental measurements
of breast cancer growth exceed these vafti@sas well as when the simulation was run with a
range of doubling time values with a 100 day standard deviation around the 130 day median value
(data not shown).
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DISCUSSION

The simulation used here can be thought of as a very elabeoedtulator for
incorporating what is known about the rate of breast cancer gfdwih probability of lethal
spreac?® and the sizes at which breast cancers becdetectable by mammography and on
clinical groundd' to predict the outcome of various usages of screening. There are no imagined
assumptions in the calculations. Thus, the simulation provides what Gazelws aiulleagues
have called a fAbi old andtharesults gehesatee oy simudatop camioed e |
considered the direct, if perhaps unobvious, consequences of what we now know about breast
cancer growth, spread, and detectabiligy.number oftheseconsequencestand outFirst, the
simulation results suggest that the ACS recommendation of yearly screening from age 40 is a
highly effective strategy, yielding a 66% reduction in death-ggeadjusted). Second the
simulation results suggestathless intensive screening strategies, such as screening every second
or third year, not screening until age 50, or ending screening at 70, should yield markedly worse
outcomes. In particular, the simulation results suggest that the pattern of scressung the
United Kingdom (every 36 months age-B0) is very ineffective, achieving only a 12% reduction
in death. Third, the simulation results suggest that there is no upper age limit for screening. We
have used the simulation to predict the effé&aneening in women up to age 85, and even at this
age, the simulation results suggest that these women should benefit from scréewirily, the
simulationresults suggest small additional reductions in the breast cancer death rate might be
achievabléoy decreasing the screening interval down to as frequently as every six months, and by
decreasing the age of screening initiation down to as young as age 30, but that little additional
benefit would be gained by going beyond these points.

The simulation esults indicate that the ACS recommendatiommiual screening from
age 40 should lead to a populatwide 88% survival rate, while that twigearly screening
from age 30 should result in a survival rate of 91%. Both strategies are also a highilyeeffect
and costefficient, providing one of our cheapest tools for preventing premature dsaite the
current level of breast cancer survival is about78%'** this means that adherence to the
current ACS recommendation should translate into tens of thousands of lives being saved every
year. Unfortunately, this is rarely the case, with very negative consequéhéed
Furthermore, ashere are approximately 180,000 breast cancer cases in the US eatt®year
these findings also indicatihat twiceyearly screening from age 30 should translate into an
additional 5000 lives that might be saved. It is of interest that ~5% dfiugvareast cancers,
and ~10% of the years of life lost to breast cancer, occurs in women younger tftdh 40
Furthermore, as we have previously repaffedn analysis of the radiographic density of the
breast in women as young as 30 indicates that screening at this age should be capable of finding
many cancers at smaller, and thus less lethal,,silzes is curretly the casg® It is also of
interest that while 12%f the invasive breast cancers seen among the women who had used
screening at this institution appeared as palpable masses within a year of a negative mammogram,
~3/4™ of these appeared in the las®nths of that first yedf?***®° Indeed, an analysis of the
rate of appearance of these larger, more lethal, clinically detected cancers has revetidenl tha
appearance is reduced only within the first ~6 months of negative mammogram; from ~9 months
onward these larger, more lethal tumors emerge at a regular and constéht rBheis, the
simulation reslts suggest that major reductions in breast cancer death can be expected from two
actions:first, if we implement simple interventions, such as patient tracking and remfiding,
which will lead to greater adherence to the current screening recommendatiorual screening
from age 40, andecond if we change the national screening recommendation to twice yearly
mammography from age 30.
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FIGURE LEGENDS

FIGURE 1. Simultaneous calculation of breast cancer growthShown are the median tumor
sizes dete@able by screening mammography and detectable in the absence of screening.

FIGURE 2. Expected relationship between the screening interval and the fraction of
women with distant metastatic disease for women of various ages, based upon estimates of
the tumor doubling time, mammographic and noamammographic detectability of breast
cancers extracted from the MGH dataset.

FIGURE 3. The benefit of screening, per year, in terms of years of life saved (3A) and
cancer free years of life saved (3B).

FIGURE 4. Curve of the reduction in breast cancer death versus the annual screening costs
(based upon a cost per mammogram of $50), for the mosfficient screening strategies
calculated by the equimarginal method, as well as a number of other screening strategi
either currently in use or under consideration.

FIGURE 5. Three-dimensional display of the effects of various screening intervals, begun
at various ages, on the expected wage adjusted populationwide reductions in breast
cancer death.

FIGURE 6. Marginal benefit of screening, for women age 65, for the most probable breast
carcinoma doubling time (130 days) as well as for half (65 days) and double (260 days) that
doubling time estimate.
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Simultaneous Calculation of Breast Cancefsrowth
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The Consequences of Various Life-Long Screening Strategies, as Determined by Computer Simulation Analy

BLE 1

Marginal Benefit Reduction | Reduclion | Survivors Average Benefit Average Benefil Marginal Benefit Marginal Cost Average Program Screening Cosls
{hours of inBrCa in Br Ca {To Each of the Women | {To Each of the Women {hours of life saved {in dollars, for the Screening Cosls (screening dollars
life saved SCREENING INTERVAL {MONTHS) death death In the Population found to have for the last dollar spent last cancer free {in dollars per woman per year
for the last {un-age- {UsA as a whole, breast cancer, on screening) years of life saved per cancer free averaged over the
Mammogram) age | age age age | age age age | structure- | population) in cancer free in cancer free {USA population) years of life saved) whole USA population
20 30 40 50 &0 70 80 adjusted) years of life saved) years of life saved) (USA population) of women over age 20)
- none | none | none | none | none | none | none 0% 0.0% 65.1 - - - - - 50
283 none | none | none | none | 51 54 none 10% 7.89% 68.6 0.09 0.52 5.66 1.548 5954 52
270 none | none | none | none | 46 48 | none 15% 10.9% 70.2 012 0.70 540 1,622 $1,010 53
254 none | none | none | none | 43 4 none 20% 13 72.0 14 BT .08 124 003 53
240 none | none | none | none | 40 4 60 25% 17. 737 18 .08 4.80 .B25 064 54
229 none | none | none | 116 39 4 55 30% 20. 75.3 21 .30 4.58 813 103 55
212 none | none | none | 44 35 49 35% 23.3% 77.1% 25 .50 4.24 $2.066 154 56
189 none | none | none 38 33 44 40% 26.1% 78.8% 28 .73 .78 52,317 214 57
160 none | none | none 33 30 32 39 45% 30.5% 0.6% .36 216 .20 $2.73 51,448 [i]
125 none | none 36 28 26 28 34 50% 34.6% 2.3% 42 2.57 2.50 $3.504 51,685 3
Most Efficient a1 none | none | 28 23 22 24 29 5565 38.7% 4.1% 49 2.98 B2 $4.81 52,046 3
Strategies B0 none | none 22 19 18 19 23 60% 42.7% 5.9% 55 3.33 .20 57.30 52,596 §22
Estimated by 34 none | 120 16 14 13 15 18 5% 46.6% 7.6% A1 3.70 68 $12,882 $3,536 $30
the 5 none 22 10 10 T0% 5% B9.4% 0.67 4.07 .30 $29.200 55,966 548
Equimarginal 3 none | 20 10 0.7 0% 59,8 6B0 4.12 .25 $35.000 56,002 £52
Method 1 nane 18 E] 2 4% 598" 686 4.18 .22 $40.000 $5,322 56
[i] none 17 & T 7% 900" 681 4.19 RE] $45.000 55,628 59
E] nane 16 & 7 7 A 2.1% §0.2" LEH 4.23 A7 $51,250 57,756 63
8 none | 1 7 7 10 4% 2.3% 0.2% .00 4.25 Al $55.000 $8.307 6
T none 14 [] ] 9 9% 2.8% 0.4% 708 4.29 A3 $65.000 510,127 T
B 35 1 [] ] 8 3% 3.1% 10.6% 713 4.32 A2 $75.000 511,033 T
5 29 12 1] 1] B 73.8% 53.6% 90.7% 0.719 4.36 10 $90,000 511,895 85
4 25 11 5 5 7 4.3% 8% 0. 724 4. .08 110.000 2,909 94
21 5 4 4 5 [: 4.9% 4.3% R NEi 4.4 .06 146.000 4 456 a7
2 17 4 4 5. 6% 4.9% 4 740 4.4 .04 220,000 7,261 32
12 E] F E] 4 6.5% _B% 751 4.55 .02 440.000 523428 85
UK - none | none | none 36 36 none | mone 12% 108 68.9% A5 0. 1,353 54
MGH-actual - none | none | none 7 17 17 17 56% 35% B4 6% ] 2 1,707 514
ACS - none | none 12 2 12 12 12 G6% 45% B8.1% .56 3. 2 978 $30
12 months 40-70 - none | none 12 1 12 12 none 33% 28% 76.4% 46 276 53,489 24
NCI - none | none | none 1 12 12 12 0% 38% 55.9% .38 2.35 52,225 1
12 months 50-70 - none | none | none 1 12 none | mone 25% 20 73.7% 27 1.66 52,473 1
2 COUNTY - none | none 24 3 33 33 none 20% 25% 75.0% K 2.20 51,916 1
& month from 40 - none | none [ [] ] [ [] 71% 458% B9.8% 0.61 3.67 55,415 558
& month from 30 - none [ [ [] ] [ [] 74% 53% 90.7% 0.71 4.28 56,948 382
Estimates based upon a breast cancer doubling time of 130 days; Costs based upon a per mammogram cost of 530, For other values, see TABLE 11, Note that survival values are for the population as a whole, that 1s, including both the women
screened and the women who are not screened.
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TABLE I

Reduction
in death
(USA
population}

Cost, in dollars

per cancer free
year of life saved

(USA population)
at $50 Per Mammo

Cost, in dollars
per cancer free
year of life saved
(USA population)
at $50 Per Mammo

Cost, in dollars
per cancer free
year of life saved
(USA population)
at $100 Per Mammo

Cost, in dollars
per cancer free
year of life saved
(USA population)
at $100 Per Mammo

Cost, in dollars
per cancer free
year of life saved
(USA population)
at $200 Per Mammo

Cost, in dollars
per cancer free
vear of life saved
(USA population)
at 5200 Per Mammo

Cost, in dollars
per
year of life saved

Plus Plus Plus
False Positive Costs False Positive Costs False Positive Costs
Screening Mammography (UK): Every 36 months age S0-70 10% 32 706 34058 S5.412 36 765 310,824 512177
Screening Mammography (ACS): Every 12 months from age 40 46% 35856 58 534 511,913 514,851 523825 525,803
Screening Mammeography: Every 12 months age 40-70 258% 36 579 310,488 513,958 517,447 327 918 531,405
Screening Mammography: Every 12 months from age S0 38% 34 448 36674 38,898 511,123 317,787 520,021
Screening Mammegraphy: Every 12 menths age S0-70 20% 24 547 7 420 59 804 812 367 15 783 522 261
Screening Mammography: Swedish 2 County Trial 25% 383 S5 747 57 6582 89 578 £15325 217,241
Screening Mammography: Every 8 months from age 40 45% 210,830 $16,.245 £21,661 827,078 243 322 548 737
Screening Mammography: Every 8 months from age 30 53% $17.896 328,544 $35,792 244740 $71,585 580,533

FOCBT every year + sigmoidoscopy every 3 years age 85+ 243,000
Adjuvant chemotherapy, gtage | node (-) breast cancer 324,000
Lowvastatin treatment for men age 45-54 for hyperlipidemia 334,000
Heart Tranzplantation for patientz age 50 with terminal dizeaze 5100,000
AZT for people with AIDS 326,000
Influgnza vaccination for all ctizens 5140

Home dialy=is for chronic end-stage renal disease

$20,000-5348,000

3-\eszel coronary bypass graft surgery

$12,000-8100,000

Kidney transplantation for renal diseaze

$17,000-528,000

C:\Triple modified april28Data File$All Women\[ [JANv3cT-modified march 9 2001.xIs]Table Il for paper#4''$AL$90

For comparien, the cost/year of healthy life gained has been estimated to be US$ 46 249 for renal dialysis and US$ 113 087 farteoydngrgss surgery in the USA (Schulman et al, 1991).

See "Coskffectiveness of primary care," by Dr. Deyo, in the January 2000 Journal of the American Board of Family Practice 4234, pp.

American society generally accepts treatments as appropriate if thégssothan about $50,000 per qualjjusted lifeyear gained. However, the notion of quatigjusted lifeyears is complex, explains Dr. Deyo. One would not wan
to give the same credit to a lifesaving treatment that leaves somebody blind for the yeais as one that leaves a person with perfect vision for the next 10 years. It is not simple to measure the thestaiarteither, further
complicating the issue of cesffectiveness. For instance, the charge for direct medical care is saintieeas the total care costs for an illness. Finally, there is the issue of opportunity costs. This refers to theweacspleati our

money doing one thing, we cannot spend it for doing something else. For example, if an extra $500 millioonstsgerss surgery, there is $500 million less for prenatal care, cancer screening, or other services.




TABLE I

Reduction [Survivors|  Caost,indollars  |Program Screening Costz|Program Screening Costs|Program Screening Costs{Program Sereening Costs| Program Screening Costs[Program Sereening Costs|
in death per cancer free at $60 Per at 100 Per at $60 Per at 100 FPer at $60 Per at $100 Per
SCREENING INTERYAL [MONTHS] [usA years of life saved Fammogram Plammogram Plammogram MMammogram Mammogram Mammogram
population] [USA population) [&fter taking acocount [after taking account [after taking account [after taking account
=awings For preventing =awings For preventing =avings For preventing =avings for preventing
AGE metastatic disease] metastatic disease] metastatic disease and | metastatic disease and
20 [ 30 [ 40 [ 50 [ 60 [ 7O [ 80 loss of productivity) loss of productivity)
[ 1 | none| none | none | none | none | none [ none 03 E61: 30 30 30 30 30 ] ]
UK a | none | none | none | 3B 36 none | none 105 [(EEES 31,253 34 37 32 Eid -39 -5
MGH b | none | none | none | 17 7 7 7 kLA 4.6 1707 14 27 34 7 -g48 334
ACS ¢ | none | none | 12 12 12 12 12 [ EERES 2,978 30 1] 13 [F] -343 -$13
12 months 40-70 none | none [ 12 12 12 12| none 233 TE.4x 2,489 24 48 12 42 -$2 12
NCI d | none | none | none | 12 12 12 12 38 80.9% 2,226 13 38 ] 27 347 328
12 months 50-70 e | none | none | none | 12 12| none | none 20 fENES 2473 12 25 ] 21 -§14 -$2
2 COUNTY F | none | none [ 24 33 33 33 [ none 20 Th.0% #1918 EAll 22 [ 17 320 -4
& month from 40 q | none| none| & [ [ [ [ 43 9.8 5415 59 2 47 106 -$13 40
& month from 30 h | none| & [ E E E [ [T 0.7 $2.948 a2 3163 FLE] 160 #1 a2
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CODE

Attribute VB_Name = "Modulel"
Sub main()
' James Michaelson  michaelj@helix.mgh.harvar d.edu
Personal Communication: please do not pass along without permission
A program to give:
The curves of:

:"death rate" versus "screening interval“(by age)

"reduction in death rate" vs. "screeni ng interval”(by age)

: cost and marginal costs

: tables of optimal screening strategies
"in order to interpret the results of the latest data collection from the MGH
database

'FIRST, we'll dimension t he array variables, and define the important
constants

' THE NEXT 2 lines CALCULATE THE TOTAL NUMBER OF MAMMO'S GIVEN TO THE
POPULATION

Dim MammoTotal(2200) As Single

Dim AgeAjustedMammoTotal(2200) As Single

"We'll need the next three variables to make calculations for common, but
inefficient,

' patterns of screening such as the ACS recomendation, UK pattern,

etc.

Dim Pattern As Integer

Dim PatternName(2200) As String

Dim IndicatedInterval(2200, 90) As Integer

' X is s simple marker to keep trac k of the screening interval that

' corresponds to marginal cost, zeta lets us keep track of "none's"

Dim x As Integer

Dim zeta As Integer

Dim zeta2 As Integer

' the "UnAgeAdustedOverall AVERAGECOST" is the average cost for a group of 65
women,
' each of a different age, from age 20 to age 85, for each

marginal cost.

' the "USAAgeAdustedOverallAVERAGECOST" is the average cost for a population
of women
' with the age structure of the USA, for each marginal co
Dim UnAgeAdustedOverall AVERAGECOST(2200) As Single

Dim USAAgeAdustedOverall AVERAGECOST(2200) As Single

' MIinAGE and MaxAGE are the youngest and oldest ages that we will make
calulations for

Dim MinAGE As Integer

Dim MaxAGE As Integer

MIinAGE = 20

MaxAGE = 85

'AgeStructureAdjustemnt allows us to calculate effect on USA population of
women
Dim AgeStructureAdjustemnt(99)

st



' below are the (Cancer Free) years of life saved for woman as a whole,
' and for the womenwho will get breast cancer

Dim PopulationWideYLS(2200) As Single

Dim CancerPatientsYLS(2200) As Single

'the following string allows me to put a label at the top of every file
Dim title As String

titte = "all ages 20 - 85, for doubling time 130"
', density 4"
"Duffy - Tabar growth rate e stimates™"

"Simulation for All Women"

‘doublingtime is the tumor doubling time, discovered through anlysis of the
MGH data
doublingtime = 130

'testcost is the cost for each mammography exam (in $)
testcost = 100

‘the next three variables are for:
INCIDENCE", the cancer indence, and

"YLL", (Years of Life Left)=years of life saved by preventing a death from
breast cancer, and

"AGEfraction”, for the fraction of women of this age in the population,

all by age. They are derrived fro m standard references, as noted

below
Dim INCIDENCE(90) As Single
Dim YLL(90) As Single
Dim AGEfraction(90) As Single

" INCIDENCE data from the SEER national datbase, as quoted in Kopans "Breast
Imaging”, 2nd Edition
For Age = MinAGE To MaxAGE

If Age >=2 0 Then INCIDENCE(Age) = (5 / 100000) + ((1/ 5) * (Age - 20)*
(7.2 - 5)/100000))
If Age >= 25 Then INCIDENCE(Age) = (7.2 / 100000) + ((1 / 5) * (Age - 25)*

(27 - 7.2)/100000))

If Age >= 30 Then INCIDENCE(Age) = (27 / 100000) + ((1 / 5) * (Age - 30) *
((66 - 27)/100000))

If Age >= 35 Then INCIDENCE(Age) = (66 / 100000) + ((1/5) * (Age - 35)*
((229 - 66)/100000))

If Age >= 40 Then INCIDENCE(Age) = (129 / 100000) + ((1/ 5) * (Age - 40)*
((159 - 129)/100000))

If Age >= 45 Then INCIDENCE(Age) = (159 /100000) + ((1/5) * (Age - 45)*
((220 - 159)/100000))

If Age >= 50 Then INCIDENCE(Age) = (220 / 100000) + ((1 / 5) * (Age - 50)*
((261 - 220)/100000))

If Age >= 55 Then INCIDENCE(Age) = (261 / 100000) + ((1/ 5) * (Age - 55)*
((330 - 261) /100000))

If Age >= 60 Then INCIDENCE(Age) = (330 / 100000) + ((1/ 5) * (Age - 60)*
((390 - 330)/100000))

If Age >= 65 Then INCIDENCE(Age) = (390 / 100000) + ((1/ 5) * (Age - 65)*
((421 - 390)/100000))

If Age >= 70 Then INCIDENCE(Age) = (421 / 100 000) + ((1/5) * (Age - 70)*

(461 - 421)/100000))



If Age >= 75 Then INCIDENCE(Age) = (461 / 100000) + ((1 / 5) * (Age

20) * ((60.2
25) * ((55.4
30) * ((50.5
35) * ((45.7
40) * ((40.9
45) * ((36.6
50) * ((31.7
55) * ((27.3
60) * ((23.1
65) * ((19.
70) * ((15.5
75) * ((12.1
80) * (9.1
85) * (6.6

((461 - 421)/100000))

' YLL data from "National Vital Statistics Reports Vol 47 #28 December 13
1999"

" YLL = Years of Life Left

If Age >= 20 Then YLL(Age) = 60.2 - ((1/5)* (Age

If Age >= 25 Then YLL(Age) =55.4 - ((1/5)* (Age

If Age >= 30 Then YLL(Age) = 50.5 - ((1/5)* (Age

If Age >= 35 Th en YLL(Age) = 45.7 - ((1/5)* (Age

If Age >= 40 Then YLL(Age) = 40.9 - ((1/5)* (Age

If Age >= 45 Then YLL(Age) = 36.3 - ((1/5)* (Age

If Age >=50 Then YLL(Age) = 31.7 - ((@ /5)*(Age
If Age >=55 Then YLL(Age) = 27.3 - ((1/5)* (Age

If Age >= 60 Then YLL(Age) = 23.1 - ((1/5)* (Age

If Age >= 65 Then YLL(Age) = 19.2 - ((1/5)* (Age

If Age >=70 Then YLL(Age) = 15.5 - ((1/5)* (Age

If Age >= 75 Then YLL(Age) = 12.1 - ((1/5)* (Age

If Age >=80 Then YLL(Age) = 9.1 - ((A/5)* (Age

If Age >= 85 Then YLL(Age) = 6.6 - ((A/5)* (Age

If Age >=90 Then YLL(Age) = 4.7 - ((A/5)* (Age

If Age >= 95 Then YLL(Age) = 3.4 ((1/5) * (Age
' "AGEfraction" data from "Statistical Abstracts o

values over 85 are rough guestimates

If Age >= 20 Then AGEfraction(Age) = 0.062 / 5

If Age >= 25 Then AGEfraction(Age) = 0.069 /5

If Age >= 30 Then AGEfraction(Age) = 0.076 / 5

If Age >= 35 Then AGEfraction(Age) = 0.083 /5

If Ag e >=40 Then AGEfraction(Age) =0.079/5

If Age >= 45 Then AGEfraction(Age) = 0.069 /5

If Age >= 50 Then AGEfraction(Age) = 0.057 /5

If Age >= 55 Then AGEfraction(Age) = 0.045/5

If Age >= 60 Then AGEfraction(Age) = 0.039 /5

If Age >= 65 Then AGEfract ion(Age) =0.075/ 10

If Age >= 70 Then AGEfraction(Age) = 0.075/ 10

If Age >= 75 Then AGEfraction(Age) = 0.052/ 10

If Age >= 80 Then AGEfraction(Age) = 0.052/ 10

If Age >= 85 Then AGEfraction(Age) = 0.001/ 10

If Age >= 90 Then AGEfraction(Age) = 0.001 /10
If Age >= 95 Then AGEfraction(Age) = 0.0001/ 10

Next Age

90) * (4.7
95) * (3.4

' Now, we 'll create a way to adjust the values for the population as a whole

for the

' age structure (ie AGEfraction above) of the population
AgeFractionDENOMINATOR =0

For Age = MinAGE To MaxAGE Step 1

AgeFractionDENOMINATOR = AgeFractionDENOMINATOR + AGEfraction(Age)

Next Age

For Age = MinAGE To MaxAGE Step 1

AgeStructureAdjustemnt(Age) = ((AGEfraction(Age) / AgeFractionDENOMINATOR) _

/(11 (MaxAGE - MIinAGE)))
Next Age

- 75)*

- 55.4)))
- 50.5))
- 45.7))
- 40.9)
- 36.6)))
- 31.7))
- 27.3))
- 23.1))
- 19.2))
- 15.5))
- 12.1))
- 9.1)
6.6)))

4.7)))

3.4)))

2.5)))

f the United Staes 1998":



"The following variables describe the death rate, and reduction in death rate,
for all the whole population of women,

' by screening interval and age [(3651, 90)]

Dim DEATHFRACTION(3651, 90) As Single

Dim DEATHREDUCTION(3651, 90) As Single

'‘below , we 'll use these t o calculate how much death would occur without
mammography

Dim tempMAXDEATH(5, 5) As Single

Dim MAXDEATH(90) As Single

'Since we'll be treating the breast cancers within a population of women as

the sum of a

' variety of slightly different tumors

'[spec ffically differing at the size at which they'll be detected by

mammography (Sm) and by palpation (Sp)],

"we'll need temporary values (tempDEATHFRACTION and tempDEATHREDUCTION), from
which to later make

' the overall estimate of DEATHFRACTION and DEATHRED UCTION for the whole
population by

' summing tempDEATHFRACTION and tempDEATHREDUCTION.

Dim tempDEATHFRACTION(7, 7, 3651) As Single
Dim tempDEATHREDUCTION(7, 7, 3651) As Single

' The following variable are used to calculate cost and marginal cost.
Dim AV ERAGECOST(3651, 90) As Single
Dim MARGINALCOST(3651, 90) As Single

‘the following are for making tables of marginal cost etc

Dim INTERVALforEACHmarginaAMOUNT (2200, 90) As Variant

Dim CorrespondingReduction(2200, 90) As Single

Dim PopulationWideCorrespond ingReduction(2200) As Single

Dim UnAgeAdjustedPopulationWideCorrespondingReduction(2200) As Single
Dim AVERAGEPopulationWideCorrespondingReduction(2200) As Single

'by defining the next variable, we can keep track of what the marginal cost
("ammount™)

' is for each each line that we will make in a table of marginal amounts
above 2000, we'll use it to keep track of various types of screening
recomendations

Dim amountFOReachAmountMarker(2200) As Single

'HERE'S THE BODY OF THE BREAST CANCER GROWTH/SPREA SIMULATION:
' IT GOES DOWN TO ABOUT LINE 310

' (note, below we'll be examining woman of various ages.

For Age = MinAGE To MaxAGE

' next we shall consider each of the various levels of mammographic and
palpable

' detectability, by ¢ onsidering that there are a variety of classes of
tumors differing



' with respect to the minimal sizes detectable by mammography (Sm) and
palpation(Sp).

For SmClass=1To 5

For SpClass =1 To 5

' note:
' for women as a whole, the median (Sm Class 3) ~ .7, modifier = 1

' FIRST OPTION : IF WE DON'T KNOW DENSITY, LET AGE SET the value of "Sm"
' for women less than 50, the median (SmClass 3) ~ .95, modifier =

1.357

' for women more than 50, the median (SmClass 3) ~ .7, modifier

' assuming linear extrapolation:

modifier = 2.16025 - (Age *0.01785)

' SECOND OPTION : IF WE DO KNOW DENSITY

' for women of density 1,2,3, the median (SmClass 3) ~ .60, modifier =

.857

' for women of density 4 the median (SmClass 3) ~ 1.0, modifier =
1.43

' for women of density 5,6,7 the median (SmClass 3) ~ 1.2, modifier = 2

' so:

" if density =123 then modifier = 0.857

" if density =4 then modifier = 1.43

" if density =567 then modifier = 2

If SmClass = 1 Then SmDiameter = 0.3 5 * modifier
If SmClass = 2 Then SmDiameter = 0.55 * modifier

If SmClass = 3 Then SmDiameter = 0.7 * modifier

If SmClass = 4 Then SmDiameter = 0.925 * modifier

If SmClass = 5 Then SmDiameter = 1.17 * modifier

' estimate from MGH

'If SpClass = 1 Then SpDia meter = 0.8
'If SpClass = 2 Then SpDiameter = 1.2

'If SpClass = 3 Then SpDiameter = 1.7

'If SpClass = 4 Then SpDiameter = 2.2

'If SpClass = 5 Then SpDiameter = 5.9

' rough guestimate from Tabar (ADJUSTED to give a median value of 2 cm)
If SpClass = 1 Then SpDiameter = 0.8 * 1.176

If SpClass = 2 Then SpDiameter = 1.2 * 1.176

If SpClass = 3 Then SpDiameter = 1.7 * 1.176

If SpClass = 4 Then SpDiameter =2.2 * 1.176

If SpClass = 5 Then SpDiameter =5.9 * 1.176

'@ the following line can be used to examine not screening below a certain age
"If Age < 40 Then SmDiameter = SpDiameter + 0.000001

"'screenlimit" is the minimal tumor size detectable by a mammogram.
screenlimit = (4 / 3) * 3.14 * (SmDiameter / 2) ~ 3 * 100000000#

naturallimit” is the minimal tum or size detectable by palpation.



naturallimit = (4 / 3) * 3.14 * (SpDiameter / 2) ~ 3 * 100000000#

'tempMAXDEATH (SmClass, SpClass) is the amount of death that would occur in
' the absence of screening.

Nx = ((4 / 3) * 3.14 * (SpDiameter / 2) ~ 3) * 10 0000000#
Px = (Nx " (0.4425 - 1)) * 0.00005017
tempMAXDEATH(SmClass, SpClass) = 1 - (17 (Exp((Nx * Px))))

"If Im_1 thenMammo_Saw_CA" is used as a sign that the tumor is detectable by

' mammography.

""If Im_1 thenMammo_Saw_CA" starts out as =0, but wh en the screenlimit
' has been reached, {i.e when the cell number (n) comes to exceed the

screenlimit,}

' (after line 220), "If Im_1_thenMammo_Saw_CA" is reset to

"If Im_1 thenMammo_Saw_CA=0".

' Every time the program goes to examine women of a different age, it gets
seton

' the next line back to "If Im_1 thenMammo_Saw_CA=0.

If Im_1 thenMammo_Saw_CA =0

"Today" will be used as a reset - able day - counter, to be reset twice:
' 1) - Today gets reset on line 110, at the time when the tumor first

starts to

' grow from 1 cell (n=1 line 120)

' and

' 2) - Today gets reset to 1 (after line 220), after the tumor first

becomes detectable by
' mammography, that is, when the screenlimit (Sm) is reached.
110 Today =1

'nis the number of cells in the tumor; obviously it starts with one cell

(n=1).

' However, at some very slow growth rates,growth never gets beyond a single

cell,

' so, from a practical stanpoint, we shall start at n=100

' (This has a negigable effect on th e probability of spread estimates)

' Growth occurs just below line 301.
' #iH# march 30 changed below to higher number to shorten runtime

120 N = Int(screenlimit) - 100

' "prob" is the probability of the tumor as a whole forming one or more

distant

' metastases; it is derived from the Poisson distribution, prob = 1 - @/

(Exp((n * p)))), line 227 below

' "LastCumprob" is used to estimate below how much additional

' benefit is gained with the loss of each additional day between exams,

i.e. in the calculation of the marginal cost of screening, (LastCumprob =
cumprob), line 302 below

' Below, we'll need to reset the these two values each time we examine women
' of a different group.

cumprob =0

prob =0

'the breast cancer doubling time is from our analysis of screening data.



g" is the growth fraction, that is, the fraction of cells that must

' be dividing to achieve such a tumor doubling time (which was set above),
' assuming a cell cycle time of 24 hours. g = In(2)/ doublingtime

' below is the estimate of tumor growth from duffy/Tabar
‘doublingtime = (6.954 * Age) - 106.19

' below is the calulation of g, the fraction of cells dividing
g = (2" (1 /doublingtime)) -1

'In the next two lines, we'll be checking whether the tumor has r eached

" mammographically detectable size (the "screenlimit"), and modifying the

simulation

' to determine the consequences of this event.

220 If If_Im_1 thenMammo_Saw_CA =1 Then GoTo 221

If N > screenlimit Then If Im_1 thenMammo_Saw_CA = 1: Today = 0: cumprob =0
221 Today = Today + 1

"If Today > 3650 And If_Im_1_thenMammo_Saw_CA = 1 Then GoTo 410

If Today > 3650 Then GoTo 410

301 If prob = 1 Or N > naturallimit Then GoTo 302

' next is the equation that makes the tumor grow.
223N=N+(g*N)

""p "is the probability of each cell in the tumor forming a distant

metastasis.

225p=(N"(0.4425 - 1)) *0.00005017

" GRIFFIN'S QUOTE BELOW

‘and where you divided by ((10000000000#) ~ 0.4841), which occurs both in the
calculation

‘'of "p" and in the tempM AXDEATH calculation, | now multiply by 1.424E - 5.
'‘Note that 1/1E1070.4841 = 1.442E - 5. So, your approximation actually was very
close.

" again, "prob" is the probability of the tumor as a whole forming one or more
distant

' metastases; it is derived f rom the Poisson distribution.
227 prob=1 - (17 (Exp((N*p)))

' next, we're going to need "LastCumprob” , which, as we noted above, is used
to estimate below how

" much additional benefit is gained with the loss of each additional day
between exams,

' i.e. in the calculation of the marginal cost of screening.

302 LastCumprob = cumprob

"cumprob” is the PROBABILITY of distant metastasis in the SUM all women who

" are examined. Randomness in the time when these tumors arise means that

' the tumor in a woman is equally likely to have reached mammographically

' detectable size the day after her last negative exam as on the day before

" her following positive exam, or any day in between. Thus, cumprob is the

' SUM of all probabilities of spread ("probs” ) from the day after that
negative

' exam, to today, (i.e. the "Today"). Note, in our calculations below, we'll

need



' to divide "cumprob" by the "Today" to get the average probability of all
women in

"such a group.

cumprob = cumprob + prob

'Since no det ection can occur when tumors are smaller that the screenlimit,
'(i.e If_Im_1 thenMammo_Saw_CA has been made to be

If Im_1 thenMammo_Saw_CA=0), we'll

" run up the tumor size by returning to the growth step till the screenlimit

is reached.

'If, however, the screenlimit has been reached (i.e if n>screenlimit),

' thus making If_Im_1 thenMammo_Saw_CA= 1, below line 22 above), then the
program can pass on from

' here to put these results into an array, and then do further work.

310 If If _Im_1 thenMammo_Saw_CA =0 Then GoTo 220

tempDEATHFRACTION(SmClass, SpClass, Today) = (cumprob / Today)

tempDEATHREDUCTION(SmClass, SpClass, Today) =1 - ((cumprob / Today) /
tempMAXDEATH(SmClass, SpClass))

'In the following loop, we shall make our daily return to the point where the
' cell number increases:
GoTo 220

410
Next SpClass
Next SmClass

' below, before finishing the age loop by going to the next age in line 411,

we'll do

' acouple of small loops to calculate MAXDEATH, DEATHFRACTION, and
DEATHREDUCTION

ForSp Class=1To5

For SmClass=1To 5

MAXDEATH(Age) = MAXDEATH(Age) + (tempMAXDEATH(SmClass, SpClass) * (1 / 25))
Next SmClass

Next SpClass

For Today = 1 To 3650

For SpClass =1 To 5

For SmClass =1 To 5

DEATHFRACTION(Today, Age) = _

DEATHFRACTION(Today, Ag €) + (tempDEATHFRACTION(SmClass, SpClass, Today) * (1 /
25))

Next SmClass

Next SpClass

DEATHREDUCTION(Today, Age) =1 - (DEATHFRACTION(Today, Age) / MAXDEATH(Age))
Next Today

411 Next Age

' next, we'll calculate the total costs per year of life saved,& p lace it into
an array

' AVERAGECOST = [testcost *(365/Today)] / INCIDENCE)*

(DEATHREDUCTION)*(YLL)



For Age = MinAGE To MaxAGE

For Today = 1 To 3650

AVERAGECOST(Today, Age) = (testcost) * (365 / Today) / _

(INCIDENCE(Age)) * MAXDEATH(Age) * (DEATHRED UCTION(Today, Age)) * YLL(Age))
Next Today

Next Age

' Next we'll calculate the marginal cost

'NOTE: we do NOT calculate MARGINALCOST for Today=1
For Age = MinAGE To MaxAGE Step 1

For Today = 2 To 3650

'@ "If (DEATHREDUCTION(Today - 1, Age) <> DEATHRED UCTION(Today, Age)) Then"
added below

If (DEATHREDUCTION(Today - 1, Age) <> DEATHREDUCTION(Today, Age)) Then
MARGINALCOST(Today, Age) = (testcost) * ((365 / (Today - 1)) - (365/ Today))
/

(((DEATHREDUCTION(Today - 1, Age)) - DEATHREDUCTION(Today, Age) ) *
MAXDEATH(Age) * _

(INCIDENCE(Age)) * YLL(Age)))

Next Today
Next Age

‘'next, we'll set the marginal costs that we will list in our array,& place in

the file:

' $0 to $10,000 by 400 $25 intervals then

' $10,000 to $100,000 by 360 $250 interval s then

' $100,000 to $1,00,00 by 360 $2500 intervals

' $100,0000 to $29,00,000 by 1120 $2500 intervals

For AmountMarker = 1 To 2000

If amount < 9999 Then amount = amount + 25

If amount >= 9999 And amount < 99999 Then amount = amount + 250

If amou nt >= 99999 And amount < 999999 Then amount = amount + 2500

If amount >= 999999 And amount Then amount = amount + 25000

' below, we 'll use "(amountFOReachAmountMarker(AmountMarker)" to index the
lines
' in our table of marginal costs
amountFOReachAmountMarker(AmountMarker) = amount
Next AmountMarker

'NOW we'll construct the table of marginal cost vs. interval (by age)

450 For Age = MinAGE To MaxAGE

500 For AmountMarker =1 To 2000

510 Today = 3650

511 Today = Today -1

If Today <= 0 Then GoTo 520

If MARGINALCOST(Today, Age) < amountFOReachAmountMarker(AmountMarker) Then
GoTo 511

If MARGINALCOST(Today, Age) > amountFOReachAmountMarker(AmountMarker) Then:

If Today >= (3650 - 1) Then INTERVALforEACHmarginalAMOUNT ((AmountMarker),
Age) = "none"
If Today < (3650 - 1) Then INTERVALforEACHmMarginalAMOUNT((AmountMarker),

Age) = Today / 30



If Today >= (3650 - 1) Then CorrespondingReduction((AmountMarker), Age) =

0
If Today < (3650 - 1) Then CorrespondingReduction((AmountMarker), Age) =
DEATHREDUCTION(Today, Age)
GoTo 520
520 Next AmountMarker
Next Age

‘now,we'll calculate the corresponding reduction in death, and overall avreage
costs,
' for each marginal cost.

DENOMINATOR =0

For Age = MinAGE To MaxAGE Step 1

DENOMIMTOR = DENOMINATOR + INCIDENCE(Age)

Next Age

For AmountMarker = 1 To 2000

For Age = MIinAGE To MaxAGE Step 1
' estimate of the total number of mammograms within the populations

If INTERVALforEACHmarginal AMOUNT (AmountMarker, Age)) = "none" Then
INTERVALforEACHmarginalAMOUNT (AmountMarker, Age) = 0

If INTERVALforEACHmarginal AMOUNT (AmountMarker, Age)) > 0 Then _
MammoTotal(AmountMarker) = MammoTotal(AmountMarker) + _

((365/30) * (1 / (INTERVALforEACHmMarginaAMOUNT(AmountMarker, Age))))

If INTERVALforEA  CHmarginalAMOUNT(AmountMarker, Age)) > 0 Then _
AgeAjustedMammoTotal(AmountMarker) = AgeAjustedMammoTotal(AmountMarker) + _
((365/30) * ((1 / (INTERVALforEACHmarginalAMOUNT (AmountMarker, Age))) *
AgeStructureAdjustemnt(Age)))

If INTERVALforEACHmarginalA MOUNT(AmountMarker, Age)) = 0 Then
INTERVALforEACHmarginalAMOUNT(AmountMarker, Age) = "none"

'(4)

PopulationWideCorrespondingReduction(AmountMarker) = _
(PopulationWideCorrespondingReduction(AmountMarker)) + _
(AgeStructureAdjustemnt(Age) * _

((Correspon  dingReduction(AmountMarker, Age) * _
INCIDENCE(Age) / DENOMINATORY)))

‘(1)

UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) = _
(UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)) + _
((CorrespondingReduction(AmountMarker, Age) * INCIDENCE(Age) / DENOMINATOR))
'(5)

AVERAGEPopulationWideCorrespondingReduction(AmountMarker) = _
(AVERAGEPopulationWideCorrespondingReduction(AmountMarker)) + _

((CorrespondingReduction(AmountMarker, Age)) / (MaxAGE - MInAGE))
' below, we' calculate "UnAgeAdustedOverallAVERAGECOST", the average cost for
a group of

65 women, each of a different age, from age 20 to age 85, for each
marginal cost.



' and the "USAAgeAdustedOverall AVERAGECOST", the average cost for a
population of

' wome n with the age structure of the USA, for each marginal cost
(AmountMarker)

If INTERVALforEACHmarginalAMOUNT (AmountMarker, Age)) = "none" Then
INTERVALforEACHmarginalAMOUNT (AmountMarker, Age) = 0
x = CInt((INTERVALforEACHmarginaAMOUNT(AmountMarker, Age) *30))

If Age = MinAGE Then zeta=0
If INTERVALforEACHmarginalAMOUNT(AmountMarker, Age)) > 0 Then zeta = zeta + 1
If Age = MaxAGE And zeta = 0 Then zeta =1

'(6)

UnAgeAdustedOverallAVERAGECOST(AmountMarker) = _

UnAgeAdustedOverall AVERAGECOST(AmountMar  ker) + _

AVERAGECOST(x, Age)

If Age = MaxAGE Then UnAgeAdustedOverallAVERAGECOST(AmountMarker) = _
(UnAgeAdustedOverall AVERAGECOST(AmountMarker) / (zeta))

'(7)

USAAgeAdustedOverall AVERAGECOST(AmountMarker) = _
USAAgeAdustedOverall AVERAGECOST(AmountMarker) +
(AVERAGECOST(x, Age) * AgeStructureAdjustemnt(Age))

If Age = MaxAGE Then USAAgeAdustedOverall AVERAGECOST(AmountMarker) = _
(USAAgeAdustedOverallAVERAGECOST(AmountMarker) / (zeta))

If INTERVALforEACHmarginalAMOUNT (AmountMarker, Age)) = 0 Then _
INTERVALforEACHmarginaAMOUNT(AmountMarker, Age) = "none"

Next Age
Next AmountMarker

'now, we'll calculate the corresponding Population wide savings in years of
life saved.

For AmountMarker = 1 To 2000

For Age = MinAGE To MaxAGE Step 1

'(2)

PopulationWideYLS(  AmountMarker) = _
(PopulationWideYLS(AmountMarker)) + _

(AgeStructureAdjustemnt(Age) * _
(CorrespondingReduction(AmountMarker, Age)) * (INCIDENCE(Age)) * MAXDEATH(Age)
* (YLL(Age)))

Next Age

Next AmountMarker

‘now, we'll calculate the savings in years of life saved, for women with
cancer.

DENOMINATOR =0

For Age = MinAGE To MaxAGE Step 1

DENOMINATOR = DENOMINATOR + INCIDENCE(Age)

Next Age

For AmountMarker = 1 To 2000
For Age = MinAGE To MaxAGE Step 1

'3)



CancerPatientsYLS(AmountMarker) = _

(CancerPatient  sYLS(AmountMarker)) + _
(AgeStructureAdjustemnt(Age) * _
(((CorrespondingReduction(AmountMarker, Age)) * (YLL(Age)) _
* (INCIDENCE(Age))) * MAXDEATH(Age) / (DENOMINATORY)))

Next Age
Next AmountMarker

'NOW, the LAST thing we'll do before we put the data i nto files (line999) is
to calculate the

‘consequences of other patterns of screening, such as the ACS recomendation,

UK pattern, etc.

Pattern = 2001

For Age = MinAGE To MaxAGE Step 1

If Age <50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 And Ag e <= 65 Then IndicatedInterval(Pattern, Age) = (30 * 36)
If Age > 65 Then IndicatedInterval(Pattern, Age) =0

Next Age

PatternName(Pattern) = "UK"

Pattern = 2002

For Age = MIinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) =0

If Age  >=50 Then IndicatedInterval(Pattern, Age) = CInt((365 * 1.4))
Next Age

PatternName(Pattern) = "MGH TYPICAL"

Pattern = 2003

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 Then IndicatedInterval(Pattern , Age) = 360
Next Age

PatternName(Pattern) = "ACS Recomended"

Pattern = 2004

For Age = MinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) =0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = Cint((365))
Next Age

PatternName(Patter n) = "NCI"

Pattern = 2005

For Age = MinAGE To MaxAGE Step 1

If Age <50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 And Age <= 69 Then Indicatedinterval(Pattern, Age) = (365)
If Age > 70 Then IndicatedInterval(Pattern, Age) = 0

Next Age

PatternN ame(Pattern) = "KERLIKOWSI"

Pattern = 2006

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 And Age <= 49 Then IndicatedInterval(Pattern, Age) = (30 * 24)

If Age >= 50 And Age <= 74 Then IndicatedInterval (Pattern, Age) = (30 * 33)



If Age > 75 Then IndicatedInterval(Pattern, Age) = 0
Next Age
PatternName(Pattern) = "SWEEDISH 2 COUNTY"

Pattern = 2007

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 Then Ind icatedInterval(Pattern, Age) = (364 / 2)
Next Age

PatternName(Pattern) = "6 month"

Pattern = 2008

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 And Age <= 54 Then IndicatedInterval(Pattern, Age) = (365
If Age > 54 Then IndicatedInterval(Pattern, Age) = (365 * 2)

Next Age

PatternName(Pattern) = "Tabar Proposal"

Pattern = 2009
For Age = MIinAGE To MaxAGE Step 1
If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 Then IndicatedInterval (Pattern, Age) = 360
If Age > 70 Then IndicatedInterval(Pattern, Age) =0
Next Age

PatternName(Pattern) = "ACS Recomended, STOPPING AT 70"

Pattern = 2010

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / 4)
Next Age

PatternName(Pattern) = "3 month from age 30"

Pattern = 2011
For Age = MinAGE To MaxAGE Step 1
If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 35 Then IndicatedInterval(Pattern, Age) =(365/4)

Next Age
PatternName(Pattern) = "3 month from age 35"

Pattern = 2012

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) =0

If Age >= 40 Then IndicatedInterval(Pattern, Age) = (365 / 4)
Next Age

PatternName(Patt  ern) = "3 month from age 40"

Pattern = 2013

For Age = MinAGE To MaxAGE Step 1

If Age < 45 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 45 Then IndicatedInterval(Pattern, Age) = (365 / 4)
Next Age

PatternName(Pattern) = "3 month from age 45"

Pattern =2014
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For Age = MinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = (365 / 4)
Next Age

PatternName(Pattern) = "3 month from age 50"

Pattern = 2015

For Age = MinAGE To MaxAGE S  tep 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / 3)
Next Age

PatternName(Pattern) = "4 month from age 30"

Pattern = 2016
For Age = MinAGE To MaxAGE Step 1

If Age < 35 Then IndicatedInter val(Pattern, Age) =0
If Age >= 35 Then IndicatedInterval(Pattern, Age) = (365 / 3)
Next Age

PatternName(Pattern) = "4 month from age 35"

Pattern = 2017

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) =0

If Age >=40 Th en IndicatedInterval(Pattern, Age) = (365 / 3)
Next Age

PatternName(Pattern) = "4 month from age 40"

Pattern = 2018

For Age = MinAGE To MaxAGE Step 1

If Age < 45 Then IndicatedInterval(Pattern, Age) = 0
If Age >= 45 Then IndicatedInterval(Pattern, Age) =
Next Age

PatternName(Pattern) = "4 month from age 45"

Pattern = 2019

For Age = MinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = (365 / 3)
Next Age

PatternName(Patter n) = "4 month from age 50"

Pattern = 2020

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 5))
Next Age

PatternName(Pattern) = "5 month from age 30"

Pattern = 2021

For Age = MinAGE To MaxAGE Step 1

If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 35 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 5))
Next Age

PatternName(Pattern) = "5 month from age 35"

(365 / 3)



Pattern = 2022

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 5))
Next Age

PatternName(Pattern) = "5 month from age 40"

Pattern = 2023

For Age = MinAGE To MaxAGE Step 1

If Age <45 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 45 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 5))
Next Age

PatternName(Pattern) = "5 month from age 45"

Pattern = 2024
For Age = MinAGE To MaxAGE Step 1

If Age <50 Then IndicatedInterval(Pattern ,Age) =0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 5))
Next Age
PatternName(Pattern) = "5 month from age 50"

Pattern = 2025
For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then Indicatedinter val(Pattern, Age) =0
If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 30"

Pattern = 2026

For Age = MinAGE To MaxAGE Step 1

If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >=35Th en IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 35"

Pattern = 2027

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) =0
If Age >= 40 Then IndicatedInterval(Pattern, Age) =
Next Age

PatternName(Pattern) = "6 month from age 40"

Pattern = 2028

For Age = MinAGE To MaxAGE Step 1

If Age < 45 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 45 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Patter n) = "6 month from age 45"

Pattern = 2029

For Age = MinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 50"

(365 / 2)



Pattern  =2030

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (4 / 3))
Next Age

PatternName(Pattern) = "9 month from age 30"

Pattern = 2031

For Age = MinAGE To Max AGE Step 1

If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 35 Then IndicatedInterval(Pattern, Age) = (365 / (4 / 3))
Next Age

PatternName(Pattern) = "9 month from age 35"

Pattern = 2032

For Age = MinAGE To MaxAGE Step 1

If Age <40 Then Ind icatedInterval(Pattern, Age) =0

If Age >= 40 Then IndicatedInterval(Pattern, Age) = (365 / (4 / 3))
Next Age

PatternName(Pattern) = "9 month from age 40"

Pattern = 2033

For Age = MIinAGE To MaxAGE Step 1

If Age < 45 Then IndicatedInterval(Pattern, Age) =

If Age >= 45 Then IndicatedInterval(Pattern, Age) = (365 / (4 / 3))
Next Age

PatternName(Pattern) = "9 month from age 45"

Pattern = 2034
For Age = MinAGE To MaxAGE Step 1
If Age < 50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 Then IndicatedIn terval(Pattern, Age) = (365 / (4 / 3))

Next Age
PatternName(Pattern) = "9 month from age 50"

Pattern = 2035

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 /
Next Age

PatternName(Pattern) = "12 month from age 30"

Pattern = 2036

For Age = MinAGE To MaxAGE Step 1

If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 35 Then IndicatedInterval(Pattern, Age) = (365 / 1)
Next Age

PatternName(Pattern) =" 12 month from age 35"

Pattern = 2037

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 Then IndicatedInterval(Pattern, Age) = (365 / 1)
Next Age

1



PatternName(Pattern) = "12 month from age 40"

Pattern = 203 8

For Age = MinAGE To MaxAGE Step 1

If Age < 45 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 45 Then IndicatedInterval(Pattern, Age) = (365 / 1)
Next Age

PatternName(Pattern) = "12 month from age 45"

Pattern = 2039

For Age = MinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = (365 / 1)
Next Age

PatternName(Pattern) = "12 month from age 50"

Pattern = 2040

For Age = MIinAGE To MaxAGE Step 1

If Age < 30 Then Indicatedinterval( Pattern, Age) =0
If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (2 / 3))
Next Age

PatternName(Pattern) = "18 month from age 30"

Pattern = 2041

For Age = MIinAGE To MaxAGE Step 1

If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 35 Then IndicatedInterval(Pattern, Age) = (365 / (2 / 3))
Next Age

PatternName(Pattern) = "18 month from age 35"

Pattern = 2042

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) =0

If Age >= 40 Then IndicatedInterval(Patter n, Age) =(365/(2/3))
Next Age

PatternName(Pattern) = "18 month from age 40"

Pattern = 2043

For Age = MinAGE To MaxAGE Step 1

If Age < 45 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 45 Then IndicatedInterval(Pattern, Age) = (365 / (2 / 3))
Next Age

PatternName(Pattern) = "18 month from age 45"

Pattern = 2044

For Age = MinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = (365 / (2 / 3))
Next Age

PatternName(Pattern) = "1 8 month from age 50"

Pattern = 2045

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 * 2)



Next Age
PatternName(Pattern) = "24 month from age 30"

Pattern =204 6

For Age = MinAGE To MaxAGE Step 1

If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 35 Then IndicatedInterval(Pattern, Age) = (365 * 2)
Next Age

PatternName(Pattern) = "24 month from age 35"

Pattern = 2047

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 Then IndicatedInterval(Pattern, Age) = (365 * 2)
Next Age

PatternName(Pattern) = "24 month from age 40"

Pattern = 2048

For Age = MIinAGE To MaxAGE Step 1

If Age < 45 Then IndicatedInterval(P attern, Age) =0
If Age >= 45 Then Indicatedinterval(Pattern, Age) = (365 * 2)
Next Age

PatternName(Pattern) = "24 month from age 45"

Pattern = 2049

For Age = MIinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) = 0

If Age >=50 Then | ndicatedInterval(Pattern, Age) = (365 * 2)
Next Age

PatternName(Pattern) = "24 month from age 50"

Pattern = 2050

For Age = MinAGE To MaxAGE Step 1

If Age < 20 Then IndicatedInterval(Pattern, Age) =0

If Age >= 20 Then IndicatedInterval(Pattern, Age) = (36
Next Age

PatternName(Pattern) = "6 month from age 20"

Pattern = 2051

For Age = MinAGE To MaxAGE Step 1

If Age < 21 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 21 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) ="6 month from age 21"

Pattern = 2052

For Age = MinAGE To MaxAGE Step 1

If Age < 22 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 22 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 22"

Pattern = 20 53

For Age = MinAGE To MaxAGE Step 1

If Age < 23 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 23 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age
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PatternName(Pattern) = "6 month from age 23"

Pattern = 2054

For Age = MinAGE To MaxAGE Step 1

If Age < 24 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 24 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 24"

Pattern = 2055
For Age = MinAGE To MaxAGE Step 1

If Age < 25 Then IndicatedInterval(P attern, Age) =0
If Age >= 25 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 25"

Pattern = 2056

For Age = MIinAGE To MaxAGE Step 1

If Age < 26 Then IndicatedInterval(Pattern, Age) =0

If Age >= 26 Then In dicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 26"

Pattern = 2057

For Age = MIinAGE To MaxAGE Step 1

If Age < 27 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 27 Then IndicatedInterval(Pattern, Age) = (365 /2)
Next Age

PatternName(Pattern) = "6 month from age 27"

Pattern = 2058

For Age = MinAGE To MaxAGE Step 1

If Age < 28 Then IndicatedInterval(Pattern, Age) =0

If Age >= 28 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 28"

Pattern = 2059

For Age = MinAGE To MaxAGE Step 1

If Age < 29 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 29 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 29"

Pattern = 2060

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 30"

Pattern = 2061

For Age = MinAGE To MaxAGE Step 1

If Age < 31 Then IndicatedInterval(Pattern, Age) =0

If Age >= 31 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age



PatternName(Pattern) = "6 month from age 31"

Pattern = 2062

For Age = MinAGE To MaxAGE Step 1

If Age < 32 Then IndicatedInterval(Patt ern, Age) =0
If Age >= 32 Then IndicatedInterval(Pattern, Age) = (365 / 2)

Next Age

PatternName(Pattern) = "6 month from age 32"

Pattern = 2063

For Age = MinAGE To MaxAGE Step 1

If Age < 33 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 33 Then Indic atedinterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 33"

Pattern = 2064

For Age = MinAGE To MaxAGE Step 1

If Age < 34 Then IndicatedInterval(Pattern, Age) =0

If Age >= 34 Then IndicatedInterval(Pattern, Age) = (365 / 2
Next Age

PatternName(Pattern) = "6 month from age 34"

Pattern = 2065

For Age = MIinAGE To MaxAGE Step 1

If Age < 35 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 35 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 35"

Pattern = 2066

For Age = MinAGE To MaxAGE Step 1

If Age < 36 Then IndicatedInterval(Pattern, Age) =0

If Age >= 36 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 36"

Pattern = 2067

For Age = MinAGE To MaxAGE Step 1

If Age < 37 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 37 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 37"

Pattern = 2068

For Age = MinAGE To MaxAGE Step 1

If A ge < 38 Then Indicatedinterval(Pattern, Age) =0

If Age >= 38 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 38"

Pattern = 2069

For Age = MinAGE To MaxAGE Step 1

If Age < 39 Then IndicatedInterval(Patter n, Age) =0
If Age >= 39 Then IndicatedInterval(Pattern, Age) = (365 / 2)

Next Age



PatternName(Pattern) = "6 month from age 39"

Pattern = 2070

For Age = MinAGE To MaxAGE Step 1

If Age < 40 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 40 Then Indicat edInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 40"

Pattern = 2071

For Age = MinAGE To MaxAGE Step 1

If Age < 41 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 41 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 41"

Pattern = 2072

For Age = MinAGE To MaxAGE Step 1

If Age < 42 Then IndicatedInterval(Pattern, Age) =0

If Age >= 42 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 mo nth from age 42"

Pattern = 2073

For Age = MIinAGE To MaxAGE Step 1

If Age < 43 Then IndicatedInterval(Pattern, Age) =0

If Age >= 43 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 43"

Pattern = 2074

For Age = MinAGE To MaxAGE Step 1

If Age < 44 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 44 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 44"

Pattern = 2075

For Age = MinAGE To MaxAGE Step 1

If Age <45 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 45 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 45"

Pattern = 2076

For Age = MinAGE To MaxAGE Step 1

If Age < 46 Then IndicatedInterval(Pattern, Age) =0
If Age >= 46 Then IndicatedInterval(Pattern, Age) = (365 / 2)

Next Age

PatternName(Pattern) = "6 month from age 46"

Pattern = 2077

For Age = MinAGE To MaxAGE Step 1

If Age < 47 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 47 Then Indicated Interval(Pattern, Age) = (365 / 2)
Next Age



PatternName(Pattern) = "6 month from age 47"

Pattern = 2078

For Age = MinAGE To MaxAGE Step 1

If Age < 48 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 48 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 48"

Pattern = 2079

For Age = MinAGE To MaxAGE Step 1

If Age < 49 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 49 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 mont h from age 49"

Pattern = 2080

For Age = MinAGE To MaxAGE Step 1

If Age < 50 Then IndicatedInterval(Pattern, Age) =0

If Age >= 50 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 50"

Pattern = 2081

For Ag e = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) =0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / 4)
Next Age

PatternName(Pattern) = "3 month from age 30"

Pattern = 2082

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) =0

If Age >= 30 Then Indicatedinterval(Pattern, Age) = (365 / 3)
Next Age

PatternName(Pattern) = "4 month from age 30"

Pattern = 2083
For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Ag e)=0
If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 5))
Next Age

PatternName(Pattern) = "5 month from age 30"

Pattern = 2084

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then Indic atedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 30"

Pattern = 2085

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / ( 12/7))
Next Age

PatternName(Pattern) = "7 month from age 30"



Pattern = 2086

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 8))
Next Age

PatternName( Pattern) = "8 month from age 30"

Pattern = 2087

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 /9))
Next Age

PatternName(Pattern) = "9 month from age 3 0"

Pattern = 2088

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 10))
Next Age

PatternName(Pattern) = "10 month from age 30"

Pattern = 2089

For Age= MInAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) =0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 11))
Next Age

PatternName(Pattern) = "11 month from age 30"

Pattern = 2090

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then Indicatedinterval(Pattern, Age) =0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / 1)
Next Age

PatternName(Pattern) = "12 month from age 30"

Pattern = 2091

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Patt ern, Age) =0
If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 * 1.5)
Next Age

PatternName(Pattern) = "18 month from age 30"

Pattern = 2092

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >=30 Then In dicatedInterval(Pattern, Age) = (365 * 2)
Next Age

PatternName(Pattern) = "24 month from age 30"

Pattern = 2093

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 *2.5)
Next Age

PatternName(Pattern) = "30 month from age 30"



Pattern = 2094

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 * 3)
Next Age

PatternName(Pattern ) = "36 month from age 30"

Pattern = 2095

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (24 / 1))
Next Age

PatternName(Pattern) = "1/2 month from age 30"

Pattern = 2096

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 1))
Next Age

PatternName(Pattern) = "1 month from age 30"

Pattern = 2097

For Age = MinAG E To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) =0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 2))
Next Age

PatternName(Pattern) = "2 month from age 30"

Pattern = 2098

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 / (12 / 3))
Next Age

PatternName(Pattern) = "3 month from age 30"

Pattern = 2199

For Age = MinAGE To MaxAGE Step 1

If Age < 30 Then IndicatedInterval(Patter n, Age) =0
If Age >= 30 Then IndicatedInterval(Pattern, Age) = (365 * 4)

Next Age

PatternName(Pattern) = "48 month from age 30"

Pattern = 2100
'spacer

Pattern = 2101

For Age = MinAGE To MaxAGE Step 1

If Age < 20 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 20 Then IndicatedInterval(Pattern, Age) = (365 / 4)
Next Age

PatternName(Pattern) = "3 month from age 20"

Pattern = 2102

For Age = MinAGE To MaxAGE Step 1

If Age < 20 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 20 Then IndicatedInterval( Pattern, Age) = (365 / 2)



Next Age
PatternName(Pattern) = "6 month from age 20"

Pattern = 2103

For Age = MinAGE To MaxAGE Step 1

If Age < 20 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 20 Then IndicatedInterval(Pattern, Age) = (365 / (4 / 3))
Next Age

PatternName(Pattern) = "9 month from age 20"

Pattern = 2104

For Age = MinAGE To MaxAGE Step 1

If Age < 20 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 20 Then IndicatedInterval(Pattern, Age) = (365 / 1)
Next Age

PatternName(Pattern) = "12 month from age 20"

Pattern = 2105

For Age = MIinAGE To MaxAGE Step 1

If Age < 20 Then IndicatedInterval(Pattern, Age) =0

If Age >= 20 Then IndicatedInterval(Pattern, Age) = (365 * 1.5)
Next Age

PatternName(Pattern) = "18 month from age 20"

Pattern = 2106

For Age = MinAGE To MaxAGE Step 1

If Age < 20 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 20 Then IndicatedInterval(Pattern, Age) = (365 * 2)
Next Age

PatternName(Pattern) = "24 month from age 20"

Pattern = 2107

For Age = MinAGE To MaxAGE Step 1

If Age <25 Then Indicatedinterval(Pattern, Age) =0

If Age >= 25 Then IndicatedInterval(Pattern, Age) = (365 / 4)
Next Age

PatternName(Pattern) = "3 month from age 25"

Pattern = 2108
For Age = MinAGE To MaxAGE Step 1

If Age < 25 Then IndicatedInterval(Pattern, Age)=0
If Age >= 25 Then IndicatedInterval(Pattern, Age) = (365 / 2)
Next Age

PatternName(Pattern) = "6 month from age 25"

Pattern = 2109

For Age = MinAGE To MaxAGE Step 1

If Age < 25 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 25 Then Indicated Interval(Pattern, Age) = (365 / (4 / 3))
Next Age

PatternName(Pattern) = "9 month from age 25"

Pattern = 2110

For Age = MinAGE To MaxAGE Step 1

If Age < 25 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 25 Then IndicatedInterval(Pattern, Age) = (365 / 1)



Next Age
PatternName(Pattern) = "12 month from age 25"

Pattern = 2111

For Age = MinAGE To MaxAGE Step 1

If Age < 25 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 25 Then IndicatedInterval(Pattern, Age) = (365 * 1.5)
Next Age

PatternName(Pattern) = "18 month from age 25"

Pattern = 2112

For Age = MinAGE To MaxAGE Step 1

If Age < 25 Then IndicatedInterval(Pattern, Age) = 0

If Age >= 25 Then IndicatedInterval(Pattern, Age) = (365 * 2)
Next Age

PatternName(Pattern) = "24 month from age 25"

"++++++
++++++

'now, we'll calculate the corresponding reduction in death, and overall

average costs,

' for the Indicated Intervals.

DENOMINATOR =0

For Age = MIinAGE To MaxAGE Step 1

DENOMINATOR = DENOMINATOR + INCIDENCE(Age)

Next Age

For AmountMarker = 2001 To 2115
For Age = MinAGE To MaxAGE Step 1
' estimate of the total number of mammograms within the populations
'If (IndicatedInterval(AmountMarker, Age)) = "none" Then

Indicated Interval(AmountMarker, Age) =0

If (IndicatedInterval(AmountMarker, Age)) > 0 Then _
MammoTotal(AmountMarker) = MammoTotal(AmountMarker) + _

(1 / ((IndicatedInterval(AmountMarker, Age)) / 365))

If (IndicatedInterval(AmountMarker, Age)) > 0 Then _

AgeAjust edMammoTotal(AmountMarker) = AgeAjustedMammoTotal(AmountMarker) + _
((1 / (IndicatedInterval(AmountMarker, Age) / 365)) _

* AgeStructureAdjustemnt(Age))

'If (IndicatedInterval(AmountMarker, Age)) = 0 Then
IndicatedInterval(AmountMarker, Age) = "none"

'( 4)

PopulationWideCorrespondingReduction(AmountMarker) = _
(PopulationWideCorrespondingReduction(AmountMarker)) +
(AgeStructureAdjustemnt(Age) * _
((DEATHREDUCTION(IndicatedInterval(AmountMarker, Age), Age) _
* INCIDENCE(Age) / DENOMINATORY)))

‘(1)
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) = _



((UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)) + _

D_EATHREDUCTION(IndicatedIntervaI(AmountMarker, Age), Age) _
* INCIDENCE(Age) / DENOMINATOR))

'(5)

AVERAGEPopulationWid eCorrespondingReduction(AmountMarker) = _
(AVERAGEPopulationWideCorrespondingReduction(AmountMarker)) + _
((DEATHREDUCTION(IndicatedInterval(AmountMarker, Age), Age) / (MaxAGE -
MinAGE)))

' below, we' calculate "UnAgeAdustedOverall AVERAGECOST", the avera ge cost for
a group of

' 65 women, each of a different age, from age 20 to age 85, for each

Indicated Interval.

' and the "USAAgeAdustedOverallAVERAGECOST", the average cost for a

population of

' women with the age structure of the USA, f or each Indicated Interval
(AmountMarker)

If Age = MinAGE Then zeta2 =0

' changed next line 12:30 sat nite

If IndicatedInterval(AmountMarker, Age) > 0 Then zeta2 = zeta2 + 1
If Age = MaxAGE And zeta2 =0 Then zeta2 = 1

'If INTERVALforEACHmarginalAMOUNT (AmountMarker, Age)) = "none" Then
INTERVALforEACHmarginalAMOUNT(AmountMarker, Age) = 0

'(6)

UnAgeAdustedOverallAVERAGECOST(AmountMarker) = _
UnAgeAdustedOverallAVERAGECOST(AmountMarker) + _
AVERAGECOST(IndicatedInterval(AmountMarker, Age), Age)

If Age=M axAGE Then UnAgeAdustedOverall AVERAGECOST(AmountMarker) = _
(UnAgeAdustedOverall AVERAGECOST(AmountMarker) / (zeta2))

()

USAAgeAdustedOverall AVERAGECOST(AmountMarker) = _
USAAgeAdustedOverall AVERAGECOST(AmountMarker) + _
(AVERAGECOST(IndicatedInterval(Amo untMarker, Age), Age) *
AgeStructureAdjustemnt(Age))

If Age = MaxAGE Then USAAgeAdustedOverall AVERAGECOST(AmountMarker) = _
(USAAgeAdustedOverallAVERAGECOST(AmountMarker) / (zeta2))

If INTERVALforEACHmarginal AMOUNT (AmountMarker, Age)) = 0 Then _
INTERVALforEACHmarginalAMOUNT (AmountMarker, Age) = "none”

Next Age
Next AmountMarker

'now, we'll calculate the corresponding Population wide savings in years of
life saved.

For AmountMarker = 2001 To 2115

For Age = MinAGE To MaxAGE Step 1

'(2)

PopulationWideYL  S(AmountMarker) = _
(PopulationWideYLS(AmountMarker)) + _

(_



AgeStructureAdjustemnt(Age) * _
DEATHREDUCTION(IndicatedInterval(AmountMarker, Age), Age) _
*

INCIDENCE(Age) * MAXDEATH(Age) * (YLL(Age)) _
)

Next Age
Next AmountMarker

'now, we'll calculate the savings in years of life saved, for women with
cancer.

DENOMINATOR =0

For Age = MinAGE To MaxAGE Step 1

DENOMINATOR = DENOMINATOR + INCIDENCE(Age)

Next Age

For AmountMarker = 2001 To 2115

For Age = MinAGE To MaxAGE Step 1

'(3)

CancerPatientsYLS(Amou  ntMarker) = _
CancerPatientsYLS(AmountMarker) + _

(_

AgeStructureAdjustemnt(Age) * _
DEATHREDUCTION(IndicatedInterval(AmountMarker, Age), Age) _
*YLL(Age) _

* INCIDENCE(Age) _

* MAXDEATH(Age) _

/ (DENOMINATOR) _

)

Next Age
Next AmountMarker

‘We'll NOW put the data we've generated into files, so we can see them:
" First: we'll dump into a file the curves of:

' total amount of death ("DEATHFRACTION"),versus screening interval("Today")

' reduction in death ("DEATHREDUCTION ") versus screening int erval("Today"),
' marginal cost ("MARGINALCOST") versus screening interval("Today"), and

' total cost versus screening interval("Today"), each graph by age

999 Open "c:  \ My Dump\ JANv3a.txt" For Output As #2

Write #2, title

Write #2, , 20, 25, 30, 35, 4 0, 45, 50, 55, 60, 65, 70, 75, 80, 85, , 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, , 20, 25, 30, 35, 40, 45, 50,

55, 60, 65, 70, 75, 80, 85, , 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,

80, 85, ,

For Today = 1 To 3650

'‘Add the "If then " part of the next statement to make graphs with smaller
datasets



If Today / 30 = Int(Today / 30) Then Write #2, Today, DEATHFRACTION(Today,

20), DEATHFRACTION(Today, 25), DEATHFRACTION(Today, 30), DEATHFRACTION(Today,
35), DEATHFRACTION(Today, 40), DEATHF RACTION(Today, 45), DEATHFRACTION(Today,
50), DEATHFRACTION(Today, 55), DEATHFRACTION(Today, 60), DEATHFRACTION(Today,
65), DEATHFRACTION(Today, 70), DEATHFRACTION(Today, 75), DEATHFRACTION(Today,
80); DEATHFRACTION(Today, 85), _

Today, DEATHREDUCTION(Toda y, 20), DEATHREDUCTION(Today, 25),
DEATHREDUCTION(Today, 30), DEATHREDUCTION(Today, 35), DEATHREDUCTION(Today,
40), DEATHREDUCTION(Today, 45), DEATHREDUCTION(Today, 50),
DEATHREDUCTION(Today, 55), DEATHREDUCTION(Today, 60), DEATHREDUCTION(Today,
65), DEATH REDUCTION(Today, 70), DEATHREDUCTION(Today, 75),
DEATHREDUCTION(Today, 80), DEATHREDUCTION(Today, 85), Today,
MARGINALCOST(Today, 20), MARGINALCOST(Today, 25), MARGINALCOST(Today, 30),
MARGINALCOST(Today, 35), MARGINALCOST(Today, 40), MARGINALCOST(Today, 4 5),
MARGINALCOST(Today, 50), MARGINALCOST(Today, 55), MARGINALCOST(Today, 60),
MARGINALCOST(Today, 65), MARGINALCOST(Today, 70), MARGINALCOST(Today, 75),
MARGINALCOST(Today, 80), MARGINALCOST(Today, 85), _

Today, AVERAGECOST(Today, 20), AVERAGECOST(Today, 25), AVERAGECOST(Today, 30),
AVERAGECOST(Today, 35), AVERAGECOST(Today, 40), AVERAGECOST(Today, 45),
AVERAGECOST(Today, 50), AVERAGECOST(Today, 55), AVERAGECOST(Today, 60),
AVERAGECOST(Today, 65), AVERAGECOST(Today, 70), AVERAGECOST(Today, 75),
AVERAGECOS%Today, 80), AVERAGECOST(Today, 85)

Next Today
Close #2

' Second: we'll dump the table of screening schedules into a second file:
Open "c: \ My Dump\ JANv3b.txt" For Output As #3

Write #3, title

Write #3, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, _
"reduction in death", _

"return/last test (days)", _

"return/last test (hours)", _

"marginal cost", _

"death fraction", "survivors", _

"CancerFreeYIs", "CancerPatient's CancerFreeYLS", _
"USA_PopulationWideCorrespondingReduction”,
"AVERAGEPopulation WideCorrespondingReduction”, _
"UnAgeAdustedOverallAVERAGECOST", _
"USAAgeAdustedOverall AVERAGECOST", _

"MammoTotal", _

"AgeAjustedMammoTotal"

For AmountMarker =1 To 2115

If amountFOReachAmountMarker(AmountMarker) = 0 Then Write #3,
INTERVALforEACHmarg inalAMOUNT(AmountMarker, 20),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 25),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 30),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 35),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 40),
INTERVALforEACHmarginaAMOUNT( AmountMarker, 45),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 50),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 55),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 60),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 65),



INTERVALforEACHmMarginaAMOUNT (AmountMarke r, 70),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 75),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 80),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 85),
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker),
1/ ((amountFOReachAmountMarker( AmountMarker) + 1) / 36500), _
24 * (1 / ((amountFOReachAmountMarker(AmountMarker) + 1) / 36500)), _
amountFOReachAmountMarker(AmountMarker), _

MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), _
1 - (MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMarker), _
PopulationWideCorrespondingReduction(AmountMarker), _
AVERAGEPopulationWideCorrespondingReduction(AmountMarker),
UnAgeAdustedOverallAVERAGECOST(AmountMarker),
USAAgeAdustedOverall AVERAGECOST(AmountMarker), _
MammoTotal(AmountMarker), _

AgeAjustedMammoTotal(AmountMarker)

If amountFOReachAmountMarker(AmountMarker) > 0 Then Write #3,
INTERVALforEACHmarginaAMOUNT(Amoun tMarker, 20),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 25),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 30),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 35),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 40),
INTERVALforEACHmarginaAMOUNT (AmountMarker, 45 ),
INTERVALforEACHmMarginalAMOUNT(AmountMarker, 50),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 55),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 60),
INTERVALforEACHmMarginalAMOUNT(AmountMarker, 65),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 70),
INTERVALforEACHmMarginaAMOUNT (AmountMarker, 75),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 80),
INTERVALforEACHmarginalAMOUNT (AmountMarker, 85),
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker), _
1/ ((amountFOReachAmountMarker(AmountMarker)) / 36500),
24 * (1 / ((amountFOReachAmountMarker(AmountMarker)) / 36500)), _
amountFOReachAmountMarker(AmountMarker), _

MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), _
1 - (MAXDEATH(20)*(1 -

UnAgeAdijustedPopulation WideCorrespondingReduction(AmountMarker))),
PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMarker), _
PopulationWideCorrespondingReduction(AmountMarker), _
AVERAGEPopulationWideCorrespondingReduction(AmountMarker),
UnAgeAdustedOverall AVERAGEC OST(AmountMarker), _
USAAgeAdustedOverall AVERAGECOST(AmountMarker), _
MammoTotal(AmountMarker), _

AgeAjustedMammoTotal(AmountMarker)

Next AmountMarker
Close #3

' Third: we'll write the "Ratchet" file, i.e. just those values corresponding
' to round nu mber reductions in death (i.e. 10%,20%...80%..90%)



Open "c: \ My Dump\ JANv3c.txt" For Output As #4

Write #4, title

Write #4, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, _
"reduction in death”, _

"reduction in death (rounded)", _

"return/last tes t (days)", _

"return/last test (hours)", _

"marginal cost", _

"death fraction", "survivors", _

"CancerFreeYIs", "CancerPatients Cancer FreeYLS", _
"USA_PopulationWideCorrespondingReduction”,
"AVERAGEPopulationWideCorrespondingReduction”, _
"UnAgeAdustedOve rallAVERAGECOST", "USAAgeAdustedOverall AVERAGECOST", _
"MammoTotal", _

"AgeAjustedMammoTotal"

For ratchet = 0.1 To 0.9 Step 0.05
For AmountMarker =1 To 2115

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then Write #4, _

| NTERVALforEACHmarginal AMOUNT (AmountMarker, 20),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 25),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 30),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 35),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 40),

INTERVALforE ACHmarginalAMOUNT(AmountMarker, 45),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 50),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 55),
INTERVALforEACHmMarginaAMOUNT(AmountMarker, 60),
INTERVALforEACHmMarginaAMOUNT(AmountMarker, 65),
INTERVALforEACHmarginal AMOUNT(AmountMarker, 70),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 75),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 80),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 85),
(UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), _
ratchet, _

1 / (amountFOReachAmountMarker(AmountMarker) / 36500), _

24 * (1 / (amountFOReachAmountMarker(AmountMarker) / 36500)), _
amountFOReachAmountMarker(AmountMarker), _

MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)),
1 - (MAXDEATH(20)*(1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMarker),
PopulationWideCorrespondingReduction(AmountMarker),
AVERAGEPopulationWideCorrespondingReduction(Amoun tMarker),
UnAgeAdustedOverallAVERAGECOST(AmountMarker),
USAAgeAdustedOverall AVERAGECOST(AmountMarker), _
MammoTotal(AmountMarker), _

AgeAjustedMammoTotal(AmountMarker)

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then Go To 2000

Next AmountMarker

2000 Next ratchet



' now we'll add several lines for the recomended patterns of screening (ie
ACS, UK, MGH etc)
For AmountMarker = 2001 To 2115

For Age = MinAGE To MaxAGE Step 5
Write #4, (IndicatedInterval(AmountMarker, Age) / 30),
Next Age

Write #4, _
(UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)),

MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), _
1 - (MAXDEATH(20)*(1 -

UnAgeAdjustedPopulationWideCor respondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker),
CancerPatientsYLS(AmountMarker), _
PopulationWideCorrespondingReduction(AmountMarker), _
AVERAGEPopulationWideCorrespondingReduction(AmountMarker),
UnAgeAdustedOverallAVERAGECOST(A mountMarker), _
USAAgeAdustedOverall AVERAGECOST(AmountMarker),
MammoTotal(AmountMarker), _

AgeAjustedMammoTotal(AmountMarker)

Next AmountMarker

'Now we'll add a second table,below the above one,giving the reduction in

death for each age.

Write #4, "™

Write #4, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85

For ratchet = 0.1 To 0.9 Step 0.05

For AmountMarker = 1 To 2000

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet

Then Write #4, _

CorrespondingReduction(AmountMar ker, 20), CorrespondingReduction(AmountMarker,
25), CorrespondingReduction(AmountMarker, 30),

CorrespondingReduction(AmountMarker, 35), CorrespondingReduction(AmountMarker,

40), CorrespondingReduction(AmountMarker, 45),

CorrespondingReduction(AmountMarker, 50), CorrespondingReduction(AmountMarker,
55), CorrespondingReduction(AmountMarker, 60),

CorrespondingReduction(AmountMarker, 65), CorrespondingReduction(AmountMarker,

70), CorrespondingReduction(AmountMarker, 75),

CorrespondingReduction(AmountMarker, 80) , CorrespondingReduction(AmountMarker,
85) _

, (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), ratchet

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet

Then GoTo 2001

Next AmountMarker

2001 Next ratchet

"bel ow we'll add lines for the recomended patterns, ie. acs, uk, mgh
For AmountMarker = 2001 To 2115



Write #4, _

CorrespondingReduction(AmountMarker, 20), CorrespondingReduction(AmountMarker,

25), CorrespondingReduction(AmountMarker, 30),

CorrespondingReductio n(AmountMarker, 35), CorrespondingReduction(AmountMarker,
40), CorrespondingReduction(AmountMarker, 45),

CorrespondingReduction(AmountMarker, 50), CorrespondingReduction(AmountMarker,

55), CorrespondingReduction(AmountMarker, 60),

CorrespondingReduction(Am ountMarker, 65), CorrespondingReduction(AmountMarker,
70), CorrespondingReduction(AmountMarker, 75),

CorrespondingReduction(AmountMarker, 80), CorrespondingReduction(AmountMarker,

85) _

, (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), r atchet
Next AmountMarker

'Now we'll add a third table,below the above one,giving the YLS for each age.

Write #4, "

Write #4, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85

For ratchet = 0.1 To 0.9 Step 0.05

%

For AmountMarker = 1 To 2000

If UnAg eAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2003

GoTo 2004

2003 For Age = MinAGE To MaxAGE Step 5

Write #4, (CorrespondingReduction(AmountMarker, Age)) * _

(INCIDENCE(Age)) * MAXDEATH(Age) * (YLL(Age)),

Next Age

Write #4 , (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)),
ratchet

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2005

2004 Next AmountMarker

%

2005 Next ratchet

" below we'll add lines for the recomended patterns, ie. acs, uk, mgh

For AmountMarker = 2001 To 2115

For Age = MinAGE To MaxAGE Step 5

Write #4, (CorrespondingReduction(AmountMarker, Age)) * _

(INCIDENCE(Age)) * MAXDEATH(Age) * (YLL(Age)),

Next Age

Write #4, (UnAgeAdjustedPopulationWideCorrespond ingReduction(AmountMarker)),
ratchet

Next AmountMarker

'Now we'll add a fourth table,below the above one,giving the AVERAGE COST for
each age.

Write #4, ™

Write #4, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85

For ratchet = 0.1 To 0.9 Step 0.0 5

%

For AmountMarker = 1 To 2000

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2006

GoTo 2007



' %%

2006 For Age = MinAGE To MaxAGE Step 5

If INTERVALforEACHmarginalAMOUNT (AmountMarker, Age)) = "none" Then
INTE RVALforEACHmarginal AMOUNT (AmountMarker, Age) = 0

X = CInt((INTERVALforEACHmarginal AMOUNT (AmountMarker, Age) * 30))

Write #4, AVERAGECOST(x, Age),

If INTERVALforEACHmarginalAMOUNT (AmountMarker, Age)) = 0 Then
INTERVALforEACHmarginaAMOUNT(AmountMarker, Age ) = "none"

'%%

Next Age

Write #4, (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))
If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2009

2007 Next AmountMarker

%

2009 Next ratchet

"below we'll a dd lines for the recomended patterns, ie. acs, uk, mgh

For AmountMarker = 2001 To 2115

For Age = MinAGE To MaxAGE Step 5

Write #4, AVERAGECOST((IndicatedInterval(AmountMarker, Age), Age),

Next Age

Write #4, (UnAgeAdjustedPopulationWideCorrespondingReduction (AmountMarker))
Next AmountMarker

Close #4

" Next: we'll write the "Ratchet" file, i.e. just those values by marginal
cost

' i.e ($1000, 2000...10000; 10000,20000...100000;
100000,20000...1,000,000)

Open "c: \ My Dump\ JANv3d.txt" For Output As # 6

Write #6, title
Write #6, , 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, _
"reduction in death”, _

"return/last test (days)", _

"return/last test (hours)", _

"marginal cost", _

"death fraction", "survivors", _

"CancerFreeYlIs", "CancerPati ents Cancer FreeYLS", _
"USA_PopulationWideCorrespondingReduction”,
"AVERAGEPopulationWideCorrespondingReduction", _

"UnAgeAdustedOverall AVERAGECOST", "USAAgeAdustedOverall AVERAGECOST"

AmountRatchet = 0
For ratchet =0 To 40 Step 1

If ratchet <= 9 Then Am ountRatchet = ratchet * 1000

If ratchet >= 10 And ratchet < 20 Then AmountRatchet = (ratchet - 9)* 10000

If ratchet >= 20 And ratchet < 30 Then AmountRatchet = (ratchet - 19) * 100000
If ratchet >= 30 Then AmountRatchet = (ratchet - 29) * 1000000

For Amo untMarker =1 To 2115



If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then Write #6, _
ratchet,

INTERVALforEACHmarginaAMOUNT(AmountMarker, 20),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 25),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 30 ),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 35),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 40),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 45),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 50),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 55),
INTERVALforEACHmarginaAMOUNT (AmountMarker, 60),
INTERVALforEACHmarginalAMOUNT(AmountMarker, 65),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 70),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 75),
INTERVALforEACHmarginaAMOUNT(AmountMarker, 80),
INTERVALforEACHmarg inalAMOUNT(AmountMarker, 85),
(UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), _

1/ (amountFOReachAmountMarker(AmountMarker) / 36500),

24 * (1 / (amountFOReachAmountMarker(AmountMarker) / 36500)), _
amountFOReachAmountMarker(Amou ntMarker),

MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)),
1 - (MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMark er), _
PopulationWideCorrespondingReduction(AmountMarker), _
AVERAGEPopulationWideCorrespondingReduction(AmountMarker), _
UnAgeAdustedOverallAVERAGECOST(AmountMarker),
USAAgeAdustedOverall AVERAGECOST(AmountMarker)

If amountFOReachAmountMarker(AmountMark er) >= AmountRatchet Then GoTo 2010
Next AmountMarker
2010 Next ratchet

‘Now we'll add a second table, below the above one, giving the reduction in
death for each age.

Write #6, "™

Write #6, , 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85
AmountRatchet = 0

For ratchet =1 To 40 Step 1

If ratchet <= 9 Then AmountRatchet = ratchet * 1000

If ratchet >= 10 And ratchet < 20 Then AmountRatchet = (ratchet - 9)*10000
If ratchet >= 20 And ratchet < 30 Then AmountRatchet = (ratchet - 19) * 100000
If ratch et >= 30 Then AmountRatchet = (ratchet - 29) * 1000000

For AmountMarker =1 To 2115

If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then Write #6, _
ratchet,

CorrespondingReduction(AmountMarker, 20), CorrespondingReduction(AmountMarker,
25), CorrespondingReduction(AmountMarker, 30),
CorrespondingReduction(AmountMarker, 35), CorrespondingReduction(AmountMarker,
40), CorrespondingReduction(AmountMarker, 45),
CorrespondingReduction(AmountMarker, 50), CorrespondingReduction(AmountMarker,



55), C orrespondingReduction(AmountMarker, 60),
CorrespondingReduction(AmountMarker, 65), CorrespondingReduction(AmountMarker,
70), CorrespondingReduction(AmountMarker, 75),
CorrespondingReduction(AmountMarker, 80), CorrespondingReduction(AmountMarker,
85), _

(Un AgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))

If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then GoTo 2011
Next AmountMarker

2011 Next ratchet

‘Now we'll add a third table, below the above one, giving the YLS for each
age.

Write #6, ™

Write #6, , 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85
AmountRatchet = 0

For ratchet =1 To 40 Step 1

If ratchet <= 9 Then AmountRatchet = ratchet * 1000

If ratchet >= 10 And ratchet < 20 Then AmountRatchet = (ratchet - 9)*10000
If ratchet >= 20 And ratchet < 30 Then AmountRatchet = (ratchet - 19) * 100000
If ratchet >= 30 Then AmountRatchet = (ratchet - 29) * 1000000

For AmountMarker =1 To 2115

If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then GoTo 2013
GoTo 20 14

2013 Write #6, ratchet,

For Age = MinAGE To MaxAGE Step 5

Write #6, (CorrespondingReduction(AmountMarker, Age)) * _

(INCIDENCE(Age)) * MAXDEATH(Age) * (YLL(Age)),

Next Age

Write #6, (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))

If am ountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then GoTo 2015
2014 Next AmountMarker

2015 Next ratchet

'Now we'll add a fourth table, below the above one,giving the AVERAGE COST for
each age.

Write #6, "™

Write #6, , 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85
AmountRatchet = 0

For ratchet =1 To 40 Step 1

If ratchet <= 9 Then AmountRatchet = ratchet * 1000

If ratchet >= 10 And ratchet < 20 Then AmountRatchet = (ratchet - 9)*10000
If ratchet >= 20 And ratchet < 30 Then AmountRatchet = (ratchet - 19) * 100000
If ratchet >= 30 Then AmountRatchet = (ratchet - 29) * 1000000

For AmountMarker = 1 To 2115
If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then GoTo 2016
GoTo 2017

2016 Write #6, ratchet,
For Age = MinAGE To MaxAGE Step 5

If INTERVALforEACHmarginalAMOUNT (AmountMarker, Age)) = "none" Then
INTERVALforEACHmarginalAMOUNT(AmountMarker, Age) = 0
x = CInt((INTERVALforEACHmarginaAMOUNT (AmountMarker, Age) * 30))



Write #6, AVERAGECOST(x, Age),
Next Age

Write #6, (UnAgeAd justedPopulationWideCorrespondingReduction(AmountMarker))

If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then GoTo 2018
2017 Next AmountMarker

2018 Next ratchet

2019 Close #6

"Now, we'll write the "Ratchet" file, based on JANv3c, but a dpaetd for every
day;

" i.e. just those values corresponding

' to round number reductions in death (i.e. 10%,20%...80%..90%)

Open "c: \ My Dump\ JA4cEV.txt" For Output As #4

Write #4, title

For Age = MinAGE To MaxAGE Step 1

Write #4, Age,

Next Age

Wite #4, _

"reduction in death”, _

“reduction in death (rounded)", _

"return/last test (days)", _

"return/last test (hours)”, _

"marginal cost", _

"death fraction", "survivors", _

"CancerFreeYIs", "CancerPatient's CancerFreeYLS", _
"USA_PopulationWideCorre spondingReduction",
"AVERAGEPopulationWideCorrespondingReduction", _
"UnAgeAdustedOverallAVERAGECOST", _
"USAAgeAdustedOverall AVERAGECOST", _
"MammoTotal", _

"AgeAjustedMammoTotal"

For ratchet = 0.1 To 0.9 Step 0.05
For AmountMarker =1 To 2115

If UnAge AdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then

For Age = MinAGE To MaxAGE Step 1

Write #4, INTERVALforEACHmarginalAMOUNT(AmountMarker, Age),

Next Age

Write #4,
(UnAgeAdjustedPopulationWideCorrespondingReduction(Am ountMarker)), _
ratchet, _

1/ (amountFOReachAmountMarker(AmountMarker) / 36500),

24 * (1 / (amountFOReachAmountMarker(AmountMarker) / 36500)), _
amountFOReachAmountMarker(AmountMarker), _

MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorres pondingReduction(AmountMarker)),

1 - (MAXDEATH(20)*(1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))), _



PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMarker),
PopulationWideCorrespondingReduction(AmountMarker),
AVERAGEPopulationWideCorrespondingReduction(AmountMarker), _

UnAgeAdustedOverall AVERAGECOST(AmountMarker),
USAAgeAdustedOverall AVERAGECOST(AmountMarker),

MammoTotal(AmountMarker),

AgeAjustedMammoTotal(AmountMarker)

End If

If UnAgeAdjustedPo pulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2500

Next AmountMarker

2500 Next ratchet

' now we'll add several lines for the recomended patterns of screening (ie
ACS, UK, MGH etc)
For AmountMarker = 2001 To 2115

For Age=MInAGET o0 MaxAGE Step 1
Write #4, (IndicatedInterval(AmountMarker, Age) / 30),
Next Age

Write #4, _
(UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), _

MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountM arker)), _
1 - (MAXDEATH(20)*(1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker), _

CancerPatientsYLS(AmountMarker), _
PopulationWideCorrespondingReduction(AmountMarker), _
AVERAGEPopulationWideCorres  pondingReduction(AmountMarker), _
UnAgeAdustedOverall AVERAGECOST(AmountMarker), _

USAAgeAdustedOverall AVERAGECOST(AmountMarker)

Next AmountMarker

'Now we'll add a second table,below the above one,giving the reduction in
death for each age.

Write #4, ™

For Age = MinAGE To MaxAGE Step 1

Write #4, Age,

Next Age

Write #4,

For ratchet = 0.1 To 0.9 Step 0.05

For AmountMarker = 1 To 2000

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then

For Age = MinAGE To MaxAGE Step 1

Write #4, CorrespondingReduction(AmountMarker, Age),

Next Age



Write #4,
(UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), ratchet
End If

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2501

Next AmountMarker

2501 Next ratchet

' below we'll add lines for the recomended patterns, ie. acs, uk, mgh
For AmountMarker = 2001 To 2115

Write #4,
CorrespondingReduction(AmountMarker, 20), CorrespondingReduction(AmountMarker,
25), CorrespondingReducti on(AmountMarker, 30),

CorrespondingReduction(AmountMarker, 35), CorrespondingReduction(AmountMarker,
40), CorrespondingReduction(AmountMarker, 45),
CorrespondingReduction(AmountMarker, 50), CorrespondingReduction(AmountMarker,
55), CorrespondingReduction(A mountMarker, 60),
CorrespondingReduction(AmountMarker, 65), CorrespondingReduction(AmountMarker,
70), CorrespondingReduction(AmountMarker, 75),
CorrespondingReduction(AmountMarker, 80), CorrespondingReduction(AmountMarker,
85) _

, (UnAgeAdjustedPopulationW ideCorrespondingReduction(AmountMarker)), ratchet
Next AmountMarker

'Now we'll add a third table,below the above one,giving the YLS for each age.

Write #4, "

For Age = MinAGE To MaxAGE Step 1

Write #4, Age,

Next Age

Write #4,

For ratchet = 0.1 To 0.9 Ste p 0.05

%

For AmountMarker = 1 To 2000

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2503

GoTo 2504

2503 For Age = MinAGE To MaxAGE Step 1

Write #4, (CorrespondingReduction(AmountMarker, Age)) * _

(INCIDENCE(Age)) * MAXDEATH(Age) * (YLL(Age)),

Next Age

Write #4, (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)),
ratchet

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2505

2504 Next AmountMarker

%

2505 Next ratch et

' below we'll add lines for the recomended patterns, ie. acs, uk, mgh

For AmountMarker = 2001 To 2115

For Age = MinAGE To MaxAGE Step 1

Write #4, (CorrespondingReduction(AmountMarker, Age)) * _

(INCIDENCE(Age)) * MAXDEATH(Age) * (YLL(Age)),

Next Age

Wirite #4, (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)),
ratchet



Next AmountMarker

‘Now we'll add a fourth table,below the above one,giving the AVERAGE COST for
each age.

Write #4, "

For Age = MinAGE To MaxAGE Step 1

Write #4, Age,

Next Age

Write #4,

For ratchet = 0.1 To 0.9 Step 0.05

%

For AmountMarker = 1 To 2000

If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2506

GoTo 2507

' %%

2506 For Age = MinAGE To MaxAGE Step 1

If INTERVALforEACHmargi nalAMOUNT(AmountMarker, Age)) = "none" Then
INTERVALforEACHmarginalAMOUNT(AmountMarker, Age) =0

X = CInt((INTERVALforEACHmarginalAMOUNT (AmountMarker, Age) * 30))

Write #4, AVERAGECOST(x, Age),

If INTERVALforEACHmarginalAMOUNT(AmountMarker, Age)) = 0 Then
INTERVALforEACHmarginalAMOUNT (AmountMarker, Age) = "none"

'%%

Next Age

Write #4, (UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))
If UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker) > ratchet
Then GoTo 2509

2507 Next Am ountMarker

%

2509 Next ratchet

' below we'll add lines for the recomended patterns, ie. acs, uk, mgh

For AmountMarker = 2001 To 2115

For Age = MinAGE To MaxAGE Step 1

Write #4, AVERAGECOST (IndicatedInterval(AmountMarker, Age), Age),

Next Age

Write #4, (U nAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))
Next AmountMarker

Close #4

'‘We'll NOW put the data we've generated into files showing every age:
' First: we'll dump into a file the curves of:

' total amount of death ("DEATHFRACTION") ,versus screening interval("Today")
' reduction in death ("DEATHREDUCTION ") versus screening interval("Today"),

' marginal cost ("MARGINALCOST") versus screening interval("Today"), and

total cost versus screening interval("Today"), each graph by a ge
3999 Open "c:  \ My Dump\ EVERa.txt" For Output As #12

Write #12, title
Write #12, , 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, , 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, , 20, 25, 30, 35, 40, 45, 50,



55, 60, 65, 70, 75, 80, 85, , 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85

For Today = 1 To 3650

'Add the "If then" part of the next statement to make graphs with smaller

datasets

If Today / 30 = Int(Today / 30) Then Write #12, Today, DEATHFRACTION(Today,

20), DEATHFRACT ION(Today, 25), DEATHFRACTION(Today, 30), DEATHFRACTION(Today,
35), DEATHFRACTION(Today, 40), DEATHFRACTION(Today, 45), DEATHFRACTION(Today,
50), DEATHFRACTION(Today, 55), DEATHFRACTION(Today, 60), DEATHFRACTION(Today,
65), DEATHFRACTION(Today, 70), DEATHF RACTION(Today, 75), DEATHFRACTION(Today,
80), DEATHFRACTION(Today, 85) _

, Today, DEATHREDUCTION(Today, 20), DEATHREDUCTION(Today, 25),
DEATHREDUCTION(Today, 30), DEATHREDUCTION(Today, 35), DEATHREDUCTION(Today,
40), DEATHREDUCTION(Today, 45), DEATHREDUCTI  ON(Today, 50),
DEATHREDUCTION(Today, 55), DEATHREDUCTION(Today, 60), DEATHREDUCTION(Today,
65), DEATHREDUCTION(Today, 70), DEATHREDUCTION(Today, 75),
DEATHREDUCTION(Today, 80), DEATHREDUCTION(Today, 85), _

Today, MARGINALCOST(Today, 20), MARGINALCOST(Today , 25), MARGINALCOST(Today,
30), MARGINALCOST(Today, 35), MARGINALCOST(Today, 40), MARGINALCOST(Today,
45), MARGINALCOST(Today, 50), MARGINALCOST(Today, 55), MARGINALCOST(Today,
60), MARGINALCOST(Today, 65), MARGINALCOST(Today, 70), MARGINALCOST(Today,
75), MARGINALCOST(Today, 80), MARGINALCOST(Today, 85), Today,
AVERAGECOST(Today, 20), AVERAGECOST(Today, 25), AVERAGECOST(Today, 30),
AVERAGECOST(Today, 35), AVERAGECOST(Today, 40), AVERAGECOST(Today, 45),
AVERAGECOST(Today, 50), AVERAGECOST(Today, 55), AVERAG  ECOST(Today, 60),
AVERAGECOST(Today, 65), AVERAGECOST(Today, 70), AVERAGECOST(Today, 75),
AVERAGECOST(Today, 80), AVERAGECOST(Today, 85)

Next Today
Close #12

' Second: we'll dump the table of screening schedules into a second file:
Open "c: \ My Dump\ EVER.txt" For Output As #13
Write #13, title

For Zage = MinAGE To MaxAGE
Write #13, Zage,
Next Zage

Write #13, "reduction in death”, "marginal cost", _
"reduction in death”, _

"return/last test (days)", _

"return/last test (hours)", _

"marginal cost", _

"de ath fraction", "survivors", _

"CancerFreeYIs", "CancerPatient's CancerFreeYLS", _
"USA_PopulationWideCorrespondingReduction”,
"AVERAGEPopulationWideCorrespondingReduction", _
"UnAgeAdustedOverallAVERAGECOST", _
"USAAgeAdustedOverall AVERAGECOST", _
"MammoTdal", _

"AgeAjustedMammoTotal"



For AmountMarker =1 To 2115

For Zage = MinAGE To MaxAGE

Write #13, INTERVALforEACHmarginalAMOUNT (AmountMarker, Zage),

Next Zage

Write #13, UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker),
1/((a mountFOReachAmountMarker(AmountMarker) + 1) / 36500), _
24 * (1 / ((@amountFOReachAmountMarker(AmountMarker) + 1) / 36500)), _
amountFOReachAmountMarker(AmountMarker), _
MAXDEATH(20) * (1 -

UnAgeAdjustedPopulationWideCorrespondingRed uction(AmountMarker)), _
1 - (MAXDEATH(20) * (1 -

UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMarker), _
PopulationWideCorrespondingReduction(AmountMa rker), _
AVERAGEPopulationWideCorrespondingReduction(AmountMarker),
UnAgeAdustedOverall AVERAGECOST(AmountMarker), _
USAAgeAdustedOverall AVERAGECOST(AmountMarker), _
MammoTotal(AmountMarker), _
AgeAjustedMammoTotal( AmountMarker)

Next AmountMarker

Close #13

" Third: we'll write the "Ratchet" file, i.e. just those values corresponding
' to round number reductions in death (i.e. 10%,20%...80%..90%)
Open "c: \ My Dump\ EVERCc.txt" For Output As #14

Write #14, title

For Zage = MinAGE To MaxAGE
Write #14, Zage,
Next Zage

Write #14, "reduction in death”, _

"return/last test (days)", _

"return/last test (hours)", _

"marginal cost", _

"death fraction", "survivors", _

"CancerFreeYIs", "CancerPatient's CancerFreeYLS", _
"USA_PopulationWideCorrespondingReduction",
"AVERAGEPopulationWideCorrespondingReduction", _
"UnAgeAdustedOverallAVERAGECOST", _
"USAAgeAdustedOverall AVERAGECOST", _
"MammoTotal", _

"AgeAjustedMammoTotal"

For ratchet = 0.1 To 0.9 Step 0.01
For AmountMarker = 1To 2115

If PopulationWideCorrespondingReduction(AmountMarker) > ratchet Then
For Zage = MinAGE To MaxAGE
Write #14, INTERVALforEACHmarginalAMOUNT (AmountMarker, Zage),
Next Zage
Write #14,
UnAgeAdjustedPopulationWideCorrespondingReduction (AmountMarker),



1/ ((amountFOReachAmountMarker(AmountMarker) + 1) / 36500), _
24 * (1 / ((@amountFOReachAmountMarker(AmountMarker) + 1) / 36500)), _
amountFOReachAmountMarker(AmountMarker), _
MAXDEATH(20) * (1 -
UnAgeAdijus tedPopulationWideCorrespondingReduction(AmountMarker)),
1 - (MAXDEATH(20) * (1 -
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMarker), _
PopulationWi  deCorrespondingReduction(AmountMarker), _
AVERAGEPopulationWideCorrespondingReduction(AmountMarker),
UnAgeAdustedOverall AVERAGECOST(AmountMarker),
USAAgeAdustedOverall AVERAGECOST(AmountMarker), _
MammoTotal(AmountMarker) , _
AgeAjustedMammoTotal(AmountMarker)

End If

If PopulationWideCorrespondingReduction(AmountMarker) > ratchet Then GoTo 4000
Next AmountMarker
4000 Next ratchet

Close #14

"NEXT: we'll write the "Ratchet" file, i.e. just those values correspo
' to round numbers of Marginal cost

Open "c: \ My Dump\ EVERd.txt" For Output As #15

Write #15, title

For Zage = MinAGE To MaxAGE
Write #15, Zage,
Next Zage

Write #15, "reduction in death”, _
"return/last test (days)", _
"return/last test (hours)", _
"marginal cost", _
"death fraction", "survivors", _
"CancerFreeYls", "CancerPatient's CancerFreeYLS", _
"USA_PopulationWideCorrespondingReduction”,
"AVERAGEPopulationWideCorrespondingReduction",
"UnAgeAdustedOverall AVERAGECOST", _
"USAAgeAdustedOverallA VERAGECOST", _
"MammoTotal", _
"AgeAjustedMammoTotal"
For ratchet =1 To 100 Step 1
AmountRatchet = ratchet * 10000
For AmountMarker = 1 To 2115
If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then
For Zage = MinAGE To MaxAGE
Write #15, INTERVALforEACHmarginalAMOUNT (AmountMarker, Zage),
Next Zage
Write #15,
UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker),
1/ ((amountFOReachAmountMarker(AmountMarker) + 1) / 36500), _

24 * (1 / ((amountF OReachAmountMarker(AmountMarker) + 1) / 36500)),

amountFOReachAmountMarker(AmountMarker), _

nding



MAXDEATH(20) * (1 -

UnAgeAdjustedPopulationWideCorrespondingReduction(AmountMarker)), _

1 - (MAXDEATH(20) * (1 -

UnAgeAdjustedPopulationWi deCorrespondingReduction(AmountMarker))), _
PopulationWideYLS(AmountMarker), CancerPatientsYLS(AmountMarker),
PopulationWideCorrespondingReduction(AmountMarker),
AVERAGEPopulationWideCorrespondingReduction(AmountMarker),
UnAgeAdustedOverall AVERAGECOST(AmountMarker), _
USAAgeAdustedOverall AVERAGECOST(AmountMarker), _
MammoTotal(AmountMarker),
AgeAjustedMammoTotal(AmountMarker)

End If

If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then GoTo 5000
Next AmountMarker
5000 Next ratchet

Close #15

"FINALLY: we'll write the "Ratchet" file, i.e. just those values
corresponding

' to round numbers of Marginal cost, for 5 yearly increments
Open "c: \ My Dump\ EVERe.txt" For Output As #16

Wri te #16, title

For Zage = MIinAGE To MaxAGE Step 5
Write #16, Zage,
Next Zage

Write #16, "reduction in death”, "marginal cost", "death rate", "survivors"

For ratchet =1 To 100 Step 1
AmountRatchet = ratchet * 10000
For AmountMarker = 1 To 2115
If amountF OReachAmountMarker(AmountMarker) >= AmountRatchet Then
For Zage = MinAGE To MaxAGE Step 5
Write #16, INTERVALforEACHmarginalAMOUNT (AmountMarker, Zage),
Next Zage
Write #16, (PopulationWideCorrespondingReduction(AmountMarker)),
amountFOReach AmountMarker(AmountMarker), MAXDEATH(20) * (1 -

PopulationWideCorrespondingReduction(AmountMarker)), 1 - (MAXDEATH(20) * (1
PopulationWideCorrespondingReduction(AmountMarker)))

End If

If amountFOReachAmountMarker(AmountMarker) >= AmountRatchet Then GoTo 6000

Next AmountMarker
6000 Next ratchet
Close #16

7000 End

End Sub
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